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INTRODUCTION

The aim of the work done under AFOSR grant No 84-0390 was to

find out the action mechanism of N,N'-Diacetyl-l,6-diaminohexane

(DADH), a substance of known antitransforming effect in vitro,

in an animal experiment. Primary field of interest were molecu-

lar-biological and immunological parameters. Beside this, tumor

develooment as well as other biological parameters were investi-

gated.

4te chose C57 bl/6 mice as exoerinental model because the inci-

dence of malianant tumors is high and their mean life soan is

660 days in males and 640 days in females. Immunologically the

onset of decline occurs earlier and the rate of the age related

decline in activity is more rapid, compared to other mouse

strains. Additionally the T cell immunity may play an important

role in the resistance against life shortening malignant lympho-

ma, which can also be induced by ionizing radiation. Radiation

induced thymic lymphomas in C57 bl/K mice can produce high ti-

ters of radiation leukemia virus (Rad LV) which is able to se-

lectivelr transform T lymphocytes. Studies of Rad LV induced

leukemogenesis in C57 bl/K9 mice have shown that the thymus is

essential for virus replication and that T cells are the cellu-

lar target of virus induced neoplastic transformation. T cell

immunity may therefore play an important role in the resistance

against life shortening malignant lymphoma induced by ionizing

radiation.

It was reoorted by Hirokawa et al. that all the T cell dependent

solenic immunological activities investigated, showed a decline

with ace. Studies from our laboratory have shown that Doly(ADP-

ribose)-svnthesis declines as a function of age in lymphocytes.

Because the resistance against radiation induced lymphoma is

also denendcnt on the right balance of lymohocyte subsets and

also of natural killer cell activity and these investigations

were not done :o til now, .,e included these determinations in

c:r rmm .T..e determination of PAN T cells, suporessor

K= ls n : cluin ctoxic cells) and B cell *population was done
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usina monoclonal antibodies and the killer cell activity was

studied by a 51Cr release method. Since for balanced lymphocyte

action several differentiation steos are necessary and poly(ADP-

ribose)-svnthesis (PAn-synthesis) controls this important deve-

lopmental mechanism, we tried to find out if any antitransfor-

ming activity in vivo is also correlated with enhanced PAR-poly-

merase activity and differentiation orocesses.

Besides oolv(ADP-ribose)-polymerase activity and ooly(ADP-ribo-

se) content of cells also reolicative DNA synthesis, unsche-

du .  DNA synthesis and DNA strand breaks possibly play a role

in .he aeneration of irradiation induced lymohomas. Investiga-

tions including these parameters were also performed.

Since gene amolification can be detected by cytogenetic determi-

nation of doubleminutes we have tried to include this factor in

the short term experiments with DADH.

During the initial ohase of this project two "antitransformer"

substances were selected to investigate some biochemical and

immunological oarameters in short term experiments to find out

the "best" substance for the long term study.

Some valuable results were obtained with both, 3-methoxy-benz-

amide (3-,MB'A) and DADH, but DADI was choosen for the long term

exoeriment, because the substance can be applied with drinking

water and is facilitated by the characerization of its cellular

uptake and metabolism.

Toxicokinetic study of 3-methoxvbenzamide

14-labelled 3-methoxybenzamide was applied -erorally to groups

of 3 male and 3 female rats. The animals were killed 1, 4 or 18

hours after a single aoolication of the test substance or 72

hours after the last of 5 consecu]tive administrations. 14C-acti-

vitv in liver, lung, spleen, thymus, kidneys and blood was ana-

lysed. Hiahest concentrations were observed in liver and kid-

nr:ys, lowest in soleen and thvmus. 14C-activitv decreased with

in initial half time of I - 1.5 hours and was then slowing down.

Details see enclosed reoort (enclosure 1).
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Toxicokinetic study of N,N'-Diacetyl-l,6-diaminohexane

14-labelled N,N'-diacetyl-l,6-diaminohexane was applied Deroral-

Iv to aroups of 3 male and 3 female rats. The animals were kil-

led 1, 4 or 18 hours after a single application of the test sub-

stance or 72 hours after the last consecutive administration.

14C-activitv in liver, lungs, spleen, thymus, kidneys and blood

was analy'sed. Hiqhest concentrations were observed in kidneys,

hvmus and spleen, lowest in blood. 14C-activity decreased with

an initial half time of about 1.5 hours and was then slowing

down. An accumulation of the test substance in the organs occur-

td after reneated administrations.

Details see enclosed re-ort (enclosure 2).

Because antitransforming activity is also imoortant for human

skin, a percutaneous absorotion study of N,N'-diacetyl-l,6-dia-

:inohexane was performed in addition.

Details see enclosed report (enclosure 3).
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ANIMAL EXPERIMENTS AND HISTOPATHOLOGY IN:

Animal studies on the mode of action of agents, that are

antitransformers in cell cultures.

SUM.!ARY

N, N'-Diacetyl-l,6-diaminohexane (DADH), a substance of a known

antitransforming effect in vitro, was used to study a oossible

effect when aoolied to mice alone or in combination with gamma

irradiation. Primary field of interest were biochemical parame-

ters. Besides this, tumor development as well as other biologi-

cal parameters were investigated.

4 groups of 89 male and 98 female C57-bl mice were kept for

uo to 618 days.

Grouo 1 remained untreated as control.

Grou- 2 was treated with DADH (100 ppm in the water)

continuously.

Grouo 3 was gamma irradiated with 1 Gy once initially.

Grouo 4 was treated with DADH (100 ppm in the water)

continuously and gamma irradiated with 1 Gy once ini-

tially.

Investigations reported in this part: Clinical signs, body

weight, water consumption, haematology, necropsy and histopatho-

logy of soleen, thymus and grossly changed tissues.

Summarized results:

There was no detectable effect of any kind of treatment on body

weight, water consumotion, clinical signs, haematologic oarame-

te-, snontaneous mortality and non neoplastic changes. Inciden-

c2 of neolasms, mainly malignant lyrnphoma, was higher in all

treated groups comoared to the untreated group 1. This gives

an indication for a carcinogenic effect of the test substance

alone and - as exoected - of the single gamma irradiation. There

'as no diff er-nt Incidenc2 of neoplasm bearing animals between

Irous 2, 2 and 4 tlll the termination of this study. Incidence

of malisnant lmn'homas alone was lower in the combined treated
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groun than in the irradiated group and the DADH treated grouo.

This gives an indication for a suppressive effect of DADH on

irradiation induced lvmohomas.

.. NTRODUCTION

The test substance, N, N'-diacetyl-l,6-diaminohexane is an

antitransformer and a modulator of aoly(ADP-ribose)syntheta-

se. It was the aim of this study to:

- suoply tissue samoles for biochemical experiments and to

- reveal chronic in life effects of the test substance

alone or in combination with camma-irradiation.

- to oerform a pathological examination of the treated animals

for elucidating a possible inhibitory effect of the test

substance to induction of spontaneous and irradiation

induced neoplasms, mainly malignant lymphomas.

2.MATERIALS AND EXPERIMENTAL CONDITIONS

2.l.Test substance:

Name: DADH

Chemical name: N, N'-diacetyl-l,6-diaminohexane

Other Name: N, N'-Hexamethylenbisacetamide

Purity: 98%

Lot No.: 7715 HK

Source: Aldrich Chemical Company, Inc., Milwaukee, Wis 53233,

USA

Cat. No.: 22,423-5.

Storage: In the refrigerator at about +4 C.

Appearance: White, cristalline powder, slight odour.
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2.2.Preoaration and aoolication of the test substance:

DADH was apolied dissolved in the drinking water in a ccn-

cantration of 100 onm (100 mg oer 1). Test substance solu-

:ions were orecared freshly once a week.

2.3.Irradiation:

Animals of group 3 and 4 were gamma-irradiated once with

I Gv from a 60-Co irradiation olant. Animals were irradiated

on day 15, 2 weeks after the first dosing with DADH.

2.4.Animals:

C57 bl mice.

Source: Charles River - WIGA, D8741. Sulzfeld.

20 mice were supplied by institut fur

Versuchstierzucht, A-2325 Himberg to replace males

that died from fighting.

Numoer and sex: 356 males and 356 females.

Age: approx. 9 weeks at time of arrival in the test facility.

Date of arrival at test facility: September 19, 1985 (20

additional mice arrived at Oct. 8, 1985).

2.5.Animal husbandry and environmental control:

Hyciene: behind a hygienic barrier.

2oom numbers: B3-10, animals for interim sacrifice term A and

2 In room No. B3-11.

?Rocm temnerature: average of 21 °.

Relative humidity: average of 55%.

Air exchange: 12/h.

Licht: artificial light from 6 a.m. to 6 p.m.

Caces: joint caging in Makrolon cages type III

(39 cm x 23 cm x 15 cm). Wire mesh lias. Initially 10

mice were caaed toceth.er. From Day 9 on maximally 6 male

mice were caged together to reduce fighting. Animal num-

ner -er cage was reduced gradually by takana animals

ror scheduled sacrifices.

Food: Altromin 114 f, gamma irradiated with 10 kGy 60Co,

ad lioirum. Random samnles of the food are analysed by

A r~mi-n, _ .-2 -age.

,.. _ water acidified with HCI to oH 5, ad libitum,



7\

A FO SR
- 7 -

offered in Makrolon bottles with stainless steel canules.

:dentification: Animals were not identified individually

durino the treatment period. Cages were labelled with

group identification patches. Individual labelling with

feIt-timoed oen on the tail was oerformed only/ for iden-

tification at necropsv.

Acclimatisation oeriod: 10 days.

2.6.Grouos, treatment:

,rouo treatment

I untreated

2 I00 oom DADH in drinking water

3 a single gamma-irradiation (1 Gy)
on Day 15

4 100 mzm DADH in drinking water during the whole
life span plus a single gamma-irradiation
(1 Gy) on Day 15

Doses were selected by the principal investigator on the

basis of preliminary experiments.

2.7. Animal numbers:

Grouo A n i m a 1 N u m b e r s
Females Males

1 (control) 1 - 89* 101 - 189*

2 (DADH) 201 - 289* 301 - 389*

3 (irrad.) 401 - 489* 501 - 589*

4 (DADH, irrad.) 601 - 689* 701 - 789*

39 mice of each sex were used per group. Animals for schedu-

led sacrifice were assigned with a plain number (e.a. 101,

IC2, , animals of moribund sacrifice were assigned with a

numner Dius -receding M (e.g. MI01, M102), and spontaneously

nmals were assigned with a number mlus oreceeding T

-e1-91lO , T102).

*) The total numnber mer crouo was 89 animals. Scheduled and

:m.-r:und sacrifices and smontaneous deaths were assigned In

)aral1 s tartina with the lowest number. Therefore the

h~zhest *ossib e number was not reached in any group.
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.3.7.Toe and frequency of observation:

-enaviour and ohvsical signs of the animaNs were cnecked

ia=v. exceoet for weekends. Only abnormal findinacs were re-

o .A more detailed examination was oerformed once a

2.9 .p od- wei c-t

%oy wei,-ht sum of animals in one cage was determined weekly

-- 77 Da- 43, then monthly. No body weight was determined of

n7 sacrifice term A and B.

watar consumotion was calculated by weighing the bottles in

weekly intervals. No water consumption was calculated of

animals of sacrifice term A and B. Determination of water

consumption was perfcrmed weekly till Day 37,then monthly.

2.Il.N:aenatology:

Blood samoles were taken from all males (exceot for sacri-

fice date A, B and C) on the last 1-5 days before necropsy.

Blood samnles were taken from the retrobulbar plexus in

ether anesthesia.

?arametrs - methods: Red and white cell count, mean cell

volume of red and white blood cells, haemoglobin, haemato-

crit by Coulter Counter, model ZF6.

Differential white cell count by microscooical analysis of

blood smears stained according to Pappenheim.

2.12.Scheduled sacrifices:

To aain tissue samoles for biochemical examinations, animals

wore sacrificed at scheduled terms. Randomly selected ani-

mais were taken out of the arous and civen an individual

numoer for necropsy and sample identificaticn.
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Tissues taken, orocedures and results of the biochmical experl-i

ments are dlescribed later.

T,,?r m Date* Dav* -Animal Nos .

A Oct.14, 1985 15 1-4, 101-104, 201-204,
301-304, 401-404, 501-
504, 601-604, 701-704

B Oct.21, 1985 22 5-12, 105-112, 205-212,
305-312, 405-412, 505-
512, 606-612, 705-712

C Dec. 9, 1985 71 13-20, 113-120, 213-220,
312-320, 412-420, 512-
520, 612-620, 712-720

D Apr. 7, 1986 190 21-28. 121-128, 221-228,
321-328, 421-428, 521-

) 528, 621-628, 721-728

E Oct. 6, 1986 372 29-36, 129-136, 229-236,
329-336, 429-436, 529-
536, 629-636, 729-726

F Dec. 9, 1986 436 37-44, 137-144, 237-344,
337-344, 437-444, 537-
544, 637-644, 737-744

G Jan.19, 1987 477 45-52, 145-152, 245-252,
345-352, 445-452, 545-
552, 645-652, 745-752

IH Feb.16, 1987 505 53-60, 153-160, 253-260,
353-360, 353-460, 553-
560, 653-660, 753-760

i Mlar.23, 1987 540 61-68, 161-168, 261-268,
361-368, 461-468, 561-
568, 661-668, 761-768

J Apr.27, 1987 575 69-72, 169-179. 269-272,
369-370, 469-470, 569-
576, 669-674, 769-772

*Males were killed in groups of two on the days indicated

and the following 3 days in each case, females in grouns of

four on monday and tuesday of the following; week.

2 emaininay animals were euthanized on day 613.

?.12..'oribuna sacrifices:

Animals w.-ith serious and/or life threatening lesions or a

mar::cd 1055i of b-ody wei'Tht were killed as moribund.

?.Y.Ncr,- v and nistnlocical examinat ion

All animals, spontaneous deaths and moribund or sciieaul,2a

.C? *~r'~II :3~t~Oanc. - xaniflO --,aczoscc4cally to
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identify gross changes or tissue masses.

A sample of the spleen, thymus (except for animals of

sacrifice term A and B and those with complete

thvmic involution), macroscopically cnanged organs and

tissue masses were fixed with 71. formaldehyde, trimmed

and embedded in paraplast. Sections of 5 /um were stained

with hematoxilin/eosin/alcian blue and examined histooatho-

logically using a Zeiss-Universal microscope.

2.15.ime schedule:

Animals arrived on: September 19, 1985.

Date of first dosing: September 30, 1985.

Date of irradiation: October 14, 1985 (some animals of

interim sacrifice date B were irradiated from October 15

through 22, 1935).

Date of last sacrifice: June 9, 1987.

The day of the first dosing with DADH was called the first

Day of experiment.

2.16.Bias control:

Assigning of animals to their groups was performed using

random numbers. Cages were positioned by partial randomi-

sation on the cage racks. Animals for interim sacrifice

were taken in a way to keeo a constant number of cages and

to reduce the number of animals oer cage.

2.17.Statistical analysis:

Arithmetic mean and standard deviation were calculated

and are oresented in the Tables. The one way analysis of

variance followed by Scheffe test was used to evaluate

differences between means. Countable eients were analysed

with Cl.i-square test or with Fisher's Exact test. Males and

femal-s were analvsed separately except for the oatholoai-

cal data. P=D.05 was chosen in each test. A significant

d;._ernc2e we an-Y groups is marked in the Tables.

.1 riw ia'>a, hLaod smears, histoloaccal slides and a ccoy

of t.e lfnal r iort ar,- retained for a pericd of 12 years.
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The data are not destroyed without the prior consent of the

sponsor.

3.RESULTS

3.l.Body weight (Table 1, Fig. 1, 2):

There were some scattered significant differences in body

weights, especially in female mice, but there was no group

with a significant lesser body weight compared with the

untreated control group 1. None of the treatments had there-

fore a negative influence on body weight.

)3.2.Water consumption (Table 2, Fig. 3, 4):

There was no significant difference in mean

water consumption between the different groups, except for

one single case, which is not regarded to be of importance.

No indication for a poor palatibility of DADH solutions can

be derived from this data, as there was no lower water con-

sumotion in the DADH treated group.

3.3.DADH uptake (Table 3):

DADH uptake was calculated from water consumption and actual

body weight. As expected, it decreased slightly with in-

creasing age because of the relatively lower water consump-

tion of elder animals.

3.4.Animal observation (Table 6):

Fighting was a major oroblem in the first weeks of the study

and cause of death for several animals. After reducing the

number of males per cage no further fighting and cannibalism

was seen.

Except for this the most important changes observed were

lesions of the skin, like alooecia, skin ulceration or thik-

kened skin.

None of the changes observed is attributable to any kind of

treatment.
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3.5.Haematology (Table 4):

There were a few scattered differences in haematology parame-

ters, but there is no indication for a haematologic effect of

any kind of treatment.

3.6..Mortality:

Number, group and time of death of the spontaneously died

animals and of the moribund sacrifices are listed in Table 5,

the actual number of animals in the study at any time is

given in Figs. 5 and 6.

There was no significant difference in the total number of

unscheduled deaths between the groups. More males than fema-

)les died soontaneously in all groups. Main causes of death

of the spontaneously died animals were neoplasms. Main rea-

son for moribund kill was obvious lethargy and serious der-

mal changes.

3.7.Necropsy findings (Tables 7 and 8):

Except for two congenital changes (kidney, hypoplasia and

aplasia) and several tissue masses, the most prominent fin-

ding were white foci on the liver.

None of the these changes gives an indication for a treatment

related effect.

3.8.Histooathology findings (Tables 9, 10 and 11):

Non neoolastic lesions were found in several animals of all

groups. A statistical comparison between the groups was only

possible for changes of the spleen, as in all other cases

the number of examined organs was not representative and

there was no random selection of tissues. None of the non

neoplastic lesions gives an indication for an effect of

any kind of treatment.

Skin chances and focal liver necroses possibly indicate a

chronic bacterial infection.

Renal amyloid deposits were seen in nearly all samples of

mice in the last months of the experiment, indicating a very

high incidence of this change.

The most frecuent neoolasms observed were different tves

of the Tnalinant lvmphoma.
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Only single cases of other neoplasms were found except for

lymphomas. As only grossly identified tissue masses were

examined microscopically, no tumors of incretory glands or

of the brain have been found and the total number of tumors

described in tissues except for spleen and thymus does not

reoresent the total number effectively present.

Tumor incidence was lowest in the untreated control group 1.

It was higher in the other three groups.

3.9.Miscellaneous:

Cannibalism victims, died within the first days of the study,

have been replaced by additional animals between Day 9 and

15.

4.CONCLUSION

There is no evidence for a treatment related effect on bodyweight,

water consumption, haematology, clinical signs, and non neo-

plastic pathological lesions.

The number of animals with any kind of neoplasm is lowest in

the untreated control group 1, compared to all treated groups.

Incidence of malignant lymphoma is increased in DADH treated

group 2 and in the irradiated group 3 compared to the untreated

control group 1. Though there is no statistical significance,

incidence of malignant lymphoma in the group 4 with combined

treatment (DADH plus irradiation) is lower than in both groups

2 and 3. This gives an indication for:

- a carcinogenic effect of the treatment with DADH alone.

- a carcinogenic effect, as expected, of a single gamma

irradiation with 1 Gv.

- a inhibitorv effect on lymohoma induction by combined

treatment with DADH and gamma irradiation.
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Table 1: Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mers in cell cultures.
Body weight data (g).
Data are ?resented by mean/standard devation

FEMALES

Day Group 1 Group 2 Group 3 Group 4 sign.*

untreated DADH irrad. DADH,irrad.

1 13.5/0.2 18.0/0.8 18.4/0.5 18.2/0.9 -

8 19.4/0.4 19.2/0.3 19.5/0.5 15.6/0.6 -

15 21.4/1.4 19.3/1.1 20.0/0.3 20.8/1.0 1-2
22 20.4/0.2 13.9/3.6 20.6/0.5 20.8/0.2 -

29 21.1/0.4 20.7/0.2 21.3/0.4 21.0/0.3 2-3
36 21.4/0.3 21.1/0.2 21.3/0.3 20.9/0.2 1-4,3-4
43 21.7/0.3 21.1/0.9 21.6/0.4 21.4/0.7 -)50 22.1/0.3 21.8/0.4 22.5/0.4 22.3/0.2 2-3
57 22.3/0.2 21.7/1.1 22.7/0.5 22.5/0.3 2-3
64 22.5/0.6 22.0/1.3 22.7/0.6 22.4/0.3 -

95 24.4/0.4 24.0/0.3 24.2/0.6 24.2/0.3 -

127 25.0/0.3 24.8/0.4 24.9/0.5 25.0/0.5 -

155 25.6/0.3 25.3/0.4 25.8/0.6 25.8/0.3 -

204 26.4/0.5 26.0/1.1 27.0/0.8 27.3/0.6 2-4
234 26.6/0.6 26.6/0.4 27.8/0.9 28.5/1.0 1-3,1-4,

2-3,2-4
260 26.8/0.6 27.5/1.8 28.5/0.8 29.0/1.0 1-4
288 27.2/0.7 27.0/0.4 29.0/1.2 28.9/1.3 1-3,1-4,

2-3,2-4
316 27.0/1.4 26.5/2.9 29.2/1.2 28.7/2.0 -

345 27.9/0.8 27.2/2.0 29.1/1.1 29.6/1.6 2-4
386 27.5/0.7 27.8/0.7 28.8/1.0 29.3/1.1 1-4,2-4
420 27.7/0.7 28.5/1.6 29.2/1.3 29.5/1.9 -

470 27.5/0.9 27.6/0.8 29.0/1.0 28.7/1.2 1-3
498 27.4/1.0 27.0/0.8 28.9/0.7 27.9/0.6 2-3
526 27.3/1.2 28.9/0.8 30.0/1.9 29.3/1.0 1-3,2-3

1-4
554 27.8/2.7 29.5/1.6 30.8/1.4 28.4/1.2 -

sign.!": significant differences between groups indicated
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Table 1, cant.:. Animal experiments and pathology in: Animal
studies on the mode of action of agents, that
are antitransformers in cell cultures.
Body weight data (g).
Data are presented by mean/standard devation.

MAE S

Day Group 1 Group 2 Group 3 Group 4 sign.*
untreated DADH irrad. DADH,irrad.

1 21.4/0.4 21.6/0.4 21.3/0.9 21.4/0.5 -

a 22.4/0.5 22.6/0.3 22.4/0.7 22.6/0.5 -

15 23.1/1.0 20.8/1.6 22.1/2.1 24.9/1.7 1-2,1-4
2-4, 3-4

22 23.5/1.8 23.9/0.6 23.7/0.9 23.5/0.7 -

29 24.8/0.8 24.3/0.4 24.9/0.5 24.4/0.7 -

36 25.1/1.0 24.2/0.6 24.9/0.7 24.3/0.7 1-2
.943 25.4/1.3 25.1/0.4 25.3/0.5 24.9/1.0 -

50 26.0/1.6 25.5/0.8 25.6/0.6 25.0/0.9 -

57 26.2/1.4 25.9/0.8 25.9/0.5 25.4/0.9 -

64 26.8/1.3 26.4/0.7 26.2/0.7 25.7/1.4 -

95 230.4/2.1 27.6/0.3 27.8/0.4 27.5/1.1 -

127 29.1/2.2 28.4/0.8 28.5/0.5 27.7/1.5 -

155 29.9/2.2 29.2/0.9 29.7/0.6 29.1/1.4 -

204 30.9/2.2 30.9/1.3 30.4/0.8 29.9/1.7 -

234 32.4/2.0 32.2/1.6 31.7/1.3 31.2/1.7 -

260 32.5/2.3 32.7/1.7 32.4/1.1 32.3/1.9 -

283 33.6/2.3 33.3/1.9 32.9/1.4 31.8/1.3 -

316 33.6/2.5 33.6/2.3 32.7/1.9 32.1/1.9-
345 33.7/2.2 33.9/1.9 32.9/1.2 32.6/2.2 -

386 33.3/2.7 32.3/1.8 32.3/0.9 32.4/2.4 -

420 33.3/2.6 33.0/1.6 32.0/0.9 31.6/2.1 -

470 32.6/2.4 32.4/1.2 32.2/1.0 31.7/1.9 -

498 32.2/2.5 30.9/1.2 31.6/1.4 30.2/1.6 1-4
526 31.3/2.9 33.5/1.3 32.8/1.7 32.6/2.7 -

554 32.7/2.8 32.3/2.9 32.3/2.0 31.3/1.1 -

sign.*: significant differences between groups indicated
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Table 2: Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mers in cell cultures.
W1ater consumption (ml per day per animal)
Data are presented by mean/standard devation.

FEMALES

Week Group 1 Group 2 Group 3 Group 4 sign.*
before untreated DA.DH irrad. DADH,irrad.
Day

4 4.3/0.4 4.1/0.4 4.3/0.3 4.2/0.4 -

11 4.1/0.2 4.3/1.0 4.1/0.2 4.2/0.2 -
13 4.0/0.3 4.2/0.2 4.1/0.3 4.2/0.2 -

25 3.7/0.4 3.8/0.5 3.9/0.3 4.0/0.2 -
32 4.2/0.1 4.0/0.5 4.2/0.1 4.0/0.3 -

39 4.1/0.3 4.1/0.4 4.3/0.2 4.2/0.4 -

463 4.1/0.3 4.1/0.5 4.3/0.2 4.0/0.2 -

53 4.4/0.2 4.2/0.4 4.1/0.2 4.0/0.2 -

60 4.3/0.2 4.0/0.7 3.9/0.2 3.9/0.2 -

67 4.4/0.3 4.04.06 4.1/0.2 4.0/0.2 -

102 4.8/0.3 4.1/0.5 4.0/0.4 3.9/0.2 -

137 4.8/0.2 4.4/0.5 4.3/0.4 4.0/0.3 -

165 4.4/0.2 4.3/0.5 4.2/0.2 4.1/0.1 -

207 4.7/0.3 4.7/0.4 4.3/0.3 4.1/0.1 -

235 4.2/0.3 4.3/0.4 3.9/0.3 4.0/0.2 -

263 3.9/0.2 4.2/0.4 3.9/0.2 3.8/0.3 -

291 3.7/0.3 3.9/0.5 3.5/0.4 3.6/0.3 -

319 3.6/0.2 3.6/0.4 3.5/0.3 3.4/0.3
347 3.7/0.2 3.6/0.3 3.6/0.2 3.4/0.2 -

289 4.2/0.4 3.7/0.6 4.0/0.5 3.8/0.3 -

424 4.0/0.3 4.0/0.4 4.1/0.9 3.7/0.3 -

473 5.0/1.0 4.6/0.5 5.3/0.9 4.1/0.4 3-4
501 5.3/1.0 5.3/0.8 6.1/1.5 4.6/0.4 3-4
529 7.3/2.5 6.7/1.8 8.5/2.5 6.0/1.4 -

sigjn.*: significant differences between groups indicated
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Table 2, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that are
antitransforrners in cell cultures.
Water consump~tion (ml per day per animal).
Data are presented by mean/standard devation.

MALE S

Week Group I Group 2 Group 3 Group " sign.*
before untreated DADH irrad. DADH,irrad.
D ay

4.2/0.4 4.1/0.34 4.5/0.23 4.2/0.34 -

11 - - - ---- - - - - - - -

18 4.1/0.3 4.0/0.3 3.8/0.4 3.9/0.5 -

25 3.9/0.5 3.7/0.5 3.7/0.7 3.9/0.9 -

32 4.0/04. 3.7/0.7 3.9/0.3 3.7/0.6 -

39 4.0/0.5 3.7/0.6 4.0/0.3 3.8/0.5 -

46 3.8/0.6 3.6/0.5 4.0/0.3 3.6/0.6 -

53 4.0/0.6 3.8/0.7 4.0/0.4 3.7/0.5 -

60 3.3/0.5 3.6/0.6 3.8/0.3 3.6/0.5 -

67 4.1/0.6 3.9/0.6 3.9/0.3 3.8/0.6 -

102 4,1/0.8 3.7/0.6 3.9/0.2 3.6/0.5 -

137 4.1/0.7 3.9/0.5 3.8/0.4 3.8/0.8 -

165 3.9/0.7 3.9/0.6 3.7/0.4 3.8/0.7 -

207 4.5/1.4 4.1/0.4 4.0/0.3 4.2/1.1 -

235 3.9/0.6 4.0/0.6 3.8/0.3 4.2/0.6 -

263 4.1/1.4 3.8/0.3 3.7/0.2 4.0/0.8 -

291 3.6/1.0 3.5/0.6 3.2/0.4 3.4/0.6 -

319 3.4/0.7 3.3/0.4 3.2/0.3 3.4/0.6 -

347 3.4/0.7 3.3/0.5 3.2/0.3 3.4/0.6 -

389 3.5/0.9 3.7/0.6 3.5/0.4 3.8/0.7 -

424 3.8/0.7 4.0/0.9 3.9/0.9 4.2/0.9 -

473 4.5/1.2 5.5/1.5 4.8/1.8 5.0/1.6 -

501 5.3/2.0 6.3/2.3 5.3/2.0 5.8/2.0 -

529 6.1/2.7 8.0/3.3 6.1/2.3 7.3/3.5 -

sign.,": significant differences between groups indicated
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Table 3: Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mers in cell cultures.
Calculated DADH uptake (mg DADH/kg bodyweight/day).

'IALES

Day Group 2 Grouo 4
DADH DADH,irrad.

1 19 20
15 19 16
22 15 17
29 15 15
36 15 16
43 14 14
50 15 15
57 14 14
64 15 15
95 13 13

204 13 14
234 12 13
260 12 12
288 11 11
316 10 11
345 10 10
386 11 12
420 12 13
470 17 16
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Table 3, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that are
antitransformers in cell cultures.
Calculated DADH uptake (mg DADH/kg bodyweight
/day).

FEMALES

Day Grouo 2 Group 4
DADH DADH,irrad.

1 23 23
8 22 27

15 22 20
22 20 19
29 19 19
36 19 20
43 19 19
50 19 18
57 18 17
64 18 18
95 17 16

204 18 15
234 16 14
260 15 13
288 14 12
316 14 12
345 13 11
386 13 13
420 14 13
470 17 14
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Table 4: Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mers in cell cultures.
Haematology data. Data are oresented by mean and stan-
dard deviation.

Term:D Day: 191-193

Parameter Group 1 Group 2 GrouD 3 Group 4 sign.*

ervthlgcvtes 4.49 4.18 4.27 4.18 ---
(10 /1) 0.37 0.25 0.56 0.38

mean cell volume, 61.3 60.4 60.4 60.9
erythrocytes(fl) 3.2 2.3 3.3 2.4

leukoyytes 4.7 4.7 5.6 4.5
(10 /1) 1.9 1.0 4.5 1.0

mean cell volume, 73.3 66.3 68.3 69.5
leukocytes(fl) 7.7 5.7 7.7 6.1

haemoglobin 15.5 14.8 14.8 14.7
(g/1) 0.9 0.8 0.5 0.6

packed cell not measured at this term
volume (%)

differential count (%):

neutrophils 4.1 4.5 4.4 6.0
2.7 3.7 3.9 3.4

lymphocytes 93.6 95.0 93.1 93.1 ---
4.2 3.7 6.2 4.0

eosinophils 0 0 0 0

monocytes 0 0 0 0

sign.*: significant differences between groups indicated
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Taole 4, cont.: Animal experiments and pathology in:
Animal studies on the mode of action of agents,
that are antitransformers in cell cultures.
Haemdtology data. Data are presented by mean and
standard deviation.

Term:E Day:366

Parameter Group 1 Grouo 2 Group 3 Grouo 4 sian.*

erythj cytes 4.37 4.39 4.87 4.78
(10 /1 ) 0.39 0.96 1.96 1.56

mean cell volume, 60.4 60.3 61.8 62.5
erythrocytes(fl) 1.1 1.9 2.0 2.1

leu"vOytes 7.21 7.3 7.3 6.8

(10 /1) 1.0 1.0 1.3 0.8

mean cell volume, 68.8 76.9 82.5 71.3 1-3
leukocytes(fl) 5.4 8.9 10.5 7.5

naemoglobin 14.2 13.3 13.8 13.4

(g/1) 0.4 1.1 0.3 0.5

packed cell 0.24 0.25 0.28 0.28

volume %) 0.02 0.06 0.09 0.10

differential count (%):

neutrophils 5.3 7.1 4.5 5.4

5.0 4.2 *.3 4.3
lympho¢!tes 94.1 91.0 9 .4 92.0

4.9 5.2 ..7 5.0
eosinoDnils 0.6 0.9 0.6 0.9

0.7 0.8 0.9 1.4
monocytes 0.I 1.1 0.5 1.3

0.4 1.4 1.1 0.9

siqn.*: significant differences between groups indicated
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-able 4, cont.: Animal experiments and pathology in:
Animal studies on the mode of action of agents,
that are antitransformers in cell cultures.
Haematology data. Data are presented by mean and
standard deviation.

Term:F Dav:429

Parameter Group 1 Group 2 Grouo 3 Grouo 4 sign.*

ervthYgcvtes 3.53 3.32 3.25 3.32
(10 /1) 0.28 0.29 0.35 0.32

mean cell volume, 68.5 68.3 68.0 67.1
erythrocvtes(fl) 2.0 1.5 0.8 1.5

ieukocvtes 8.1 7.5 6.7 7.1
(l0°/1) 2.0 0.9 1.0 3.4

mean cell volume, 102.6 95.8 86.0 90.5
leukocytes(fl) 22.9 17.0 12.7 12.4

nae-oglobin 14.6 14.1 14.6 13.3
('T/l) 0.5 0.6 0.9 1.7

packed cell 0.22 0.21 0.20 0.20
volume (%) 0.02 0.02 0.02 0.03

4ifferential count %):

aeutromhils 7.0 4.9 6.6 4.4
2.6 4.4 3.9 5.8

lymphocytes 91.9 93.3 92.8 94.5
2.9 5.3 4.9 7.3

eosinoohils 0.6 1.3 0.9 1.6
0.9 1.0 2.1 2.4

monocvtes 0.5 0.6 0.5 0.3
0.8 0.5 0.5 0.5

sian.*: significant differences between groups indicated
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'able 4, cont.: Animal exceriments and pathology in:
Animal studies on the mode of action of aaents,
that are antitransformers in cell cultures.
Haematologv data. Data are oresent oi by mean and
standard deviation.

Term:G Dav:473

Parameter Grouo 1 Grouo 2 Grouo 3 Groun 4 sian.*

ervt..ocvtes 3.64 3.48 3.34 3.14 1-4
(10 /!) 0.19 0.44 0.20 0.33

mean cell volume, 67.6 67.3 67.4 66.3
ervthroctes(fl) 2.7 2.7 3.6 1.4

lukocvtes 5.6 5.6 4.4 6.3 3-4( 0 i)1.4 1.5 1.1 1.0

mean cell volume, 32.9 79.9 31.1 84.8
leukocvtes(fl) 11.5 6.6 9.8 10.2

naemoclobin 14.1 14.0 13.5 13.3 ---
(g/l) 0.8 0.7 0.8 1.3

packed cell 0.23 0.22 0.21 0.19 1-4
volume (%) 0.02 0.04 0.02 0.20

a4i:erential count (%):

neutroohils 7.6 5.4 6.5 2.6
5.7 3.0 9.4 2.8

lymphocytes 90.8 93.3 91.9 97.4
7.0 3.4 10.1 2.8

eosinoohils 0.8 0.5 0.25
1.0 0.5 0.5 ---

monocytes 0.9 0.5 1.4 0.4
0.8 0.5 0.9 1.0

sign.*: significant differences between groups indicated
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"aole 4, cont.: Animal exoeriments and oathology in:
Animal studies on the mode of action of agents,
that are antitransformers in cell cultures.
Haematoloav data. Data are oresentdi bv mean and
standard deviation.

Term:H Da':501

Parametor Grouo I Grouo 2 Grouo 3 Grouo 4 siqn.

ervth-ocvtes 3.53 3.43 3.30 3.24
(10 /1) 0.40 0.20 0.20 0.23

mean cell volume, 67.3 65.6 67.9 65.8
er';thrcvtes ( f1 3.5 1.2 4.4 1.2

leukocvtes 7.4 7.4 6.1 6.1
(I00/1) 1.6 1.1 1.3 1.3

mean cell volume, 86.9 85.0 88.9 80.8
leukocvtes(fl) 12.6 8.0 11.8 8.5

haemoglobin 14.0 14.0 13.4 13.3
'a/l) 0.9 0.5 1.0 0.3

oacked cell 20.5 19.1 19.1 18.0
volume %) 2.9 1.1 1.6 1.6

differential count (1):

neutroYhils 4.8 5.5 5.5 5.5 ---
4.7 3.3 5.6 3.6

lymphocytes 94.0 93.5 94.3 93.8 ---
5.4 4.2 6.0 3.4

eosinouhils 0.4 0.5 0.1 0.1
1.0 0.8 0.4 0.4

monocytes 0.9 0.4 0.1 0.6
0.6 0.7 0.4 1.0

sign.*: significant differences between groups indicated
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Table 4, cont.: Animal experiments and pathology in:
Animal studies on the mode of action of agents,
that are antitransformers in cell cultures.
Haematology data. Data are presented by mean and
standard deviation.

Term:I Da-:536

Parameter Grouo 1 Group 2 Groum 3 Grouo 4 sign.*

ervthyQcytes 3.68 3.56 3.62 3.39 ---
(10 /1) 0.28 0.47 0.27 0.33

mean cell volume, 65.5 64.8 65.8 64.5
eryzhrccyzes(fl) 1.4 0.7 1.7 0.53

leuko~ytes 7.9 6.8 7.5 5.1 1-4
(10 /1) 1.7 2.3 0.5 2.0

mean cell volume, 77.5 84.1 80.9 76.9
leukocvtes(fl) 5.2 10.7 5.9 6.6

haemoglobin 13.7 13.1 14.0 12.6
(g/1) 0.84 2.1 0.5 1.7

packed cell 20.7 19.9 20.1 18.9
volume (%) 2.0 2.5 1.2 1.9

differential count (%):

neutrophils 8.8 6.6 8.4 6.4
3.5 4.6 4.3 5.6

lvmhocvtes 89.5 92.0 90.9 92.9
3.6 4.3 4.9 5.8

eosinopnhis 0.5 0.5 0.6 0.4
0.5 0.5 0.7 0.5

rmonocytes 1.2 0.6 0.1 0.5
1.6 0.7 0.4 0.5

si~n.*: sinif :cant differences between groups indicated
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Table 5: Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
Ters in cell cultures.
.!umber and time of death of soontaneous deaths and
:n. cribund sacrifices. Females.

Grouz 1 (control) Group 2 (DADH)

Animal Day of death Animal Day cf death
No. No.

N 1 197 M 201 81
2 282 !4 202 113

M 3 338 M 203 351
M 4 414 M 204 432
N 5 414 - 205 484
, 6 436 M 206 541
M 7 434 M 207 554
M 8 512 M 208 554
" 9 512 '- 209 555
i 10 569 M 210 562

1.1 211 583
* 212 583
M 213 589
N 214 598
M 215 618

T 1 382 T 201 358
T 2 533 T 202 618
T 3 554
T 4 615
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Table 5, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that are

antitransformers in cell cultures.
'lumber and time of death of soontaneous deaths
and moribund sacrifices. Females.

Grouo 3 (irrad.) Groun 4 (DADH, irrad.)

Animal Da, of death Animal Day of death

No. No.

:-1 401 283 M 601 149

M 402 345 M 602 409

-:i 403 414 M 603 414

". 404 414 M 604 470

- 405 414 M 605 491

M 406 414 M 606 526
!. 407 414 M! 607 562
- 408 449 M4 608 589

, 409 512 M 609 618

'-1 410 515 M4 610 618

'. 411 524 : 611 618
* 412 569
*4 413 598
,4 414 598

T 401 513 T 601 519

T 402 582 T 602 540
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Taole 5, cont.: Animal experiments and patholoav in: Animal
studies on the mode of action of agents, that are
antitransformers in cell cultures.
Number and time of death of soantaneous deaths
and moribund sacrifices. Males.

Grouo 1 (control) Grouo 2 (DADH)

Animal Day of death Animal Day of death
No. No.

M 101 484 M 301 190
I, 102 491 M 302 358
:.1 103 519 ; 303 319

A 304 506
'1 305 540
M 306 543
M 307 551
M 308 555
M 309 557

T 101 225 T 301 326
T 102 456 T 302 396
T 103 540 T 303 456
T 104 551 T 304 456
T 105 551 T 305 509

T 306 523
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Table 5, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that are
antitransformers in cell cultures.
Number and time of death of spontaneous deaths
and moribund sacrifices. Males.

GrouD 3 (irrad.) Grouo 4 (DADH, irrad.)

Animal Day of death Animal Day of death
No. No.

"4 501 204 M 701 143
M 502 444 M 702 414
'. 503 485 M 703 536

504 512 M 704 536
505 533 M 705 537

M 706 537
M 707 540
m 708 541
M 709 554
M 710 557
M 711 662
M 712 662

T 501 484 T 701 400
T 502 484 T 702 425
T 503 505 T 703 540
T 504 505
T 505 531
T 506 540
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.able 6: Animal experiments and pathology in: Animal studies
on tne mode of action of agents, that are antitransfor-
ners in cell cultures.
Animal ozservation.

a re oresented by number and sex of affected animals
'Day of observation

Indin Grouo I GrouD 2 Grouo 3 Grouo 4

Cannibalism I m (57) some m (3) --- 1 f (8)
4 ctms 1 m each I m (15)

(15, 22,
29, 37)
some m (45)
1 f (15)

Alopecia some f(57, some f(57, some f(43, some f(50,
95, 101, 64, 71, 78, 101, 57, 89,
127, 204, 101, 127, 127, 204, 101, 127,
234, 260, 203, 234, 234, 260, 204, 234,
288, 317, 260, 288, 288, 317, 260, 288,
331, 345, 317, 345, 331, 345) 317, 331,
386), some 394), some some m(57, 345), some
m(127,238, m(43, 57, 101, 127, m(57, 81,
317, 331, 73, 101, 204, 260, 101, 127,
245) 127, 204, 238, 317, 204, 234,

234, 260, 331, 345) 260, 288,
263, 317, 317, 331,
331, 345) 345)

Skin ulcer 1 ;(372), --- I f(346), 1 f(400)
Z f(379), 1 f(356), i f(408)
I f(386) 2 f(372),

2 f 379)
2 f 386
1 f 400
2 f 408
2 f (410)
Sm( 372)
1 m(415)

Til, thickened --- some m (22) i m(50)

-{Ck.ez t.lck eneJ I 2i5'>J I :n394
i m(397)

I i I a _ 4r)8 1 f(408)
1 f(436,

c:, -x ir-1 -m 7 1
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Table 7: Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mers in cell cultures.
Necropsy findings of scheduled sacrifices.
Data are presented by number of affected animals.

Finding Grouo 1 Groun 2 Group 3 Grouo 4

Alonecia 26, 32, 34, 225, 245, 432, 437, 636, 641,
36, 40, 48, 246, 247, 440, 443, 643, 653,
53, 57, 60, 248, 251, 447, 454, 658
62, 63, 68 253, 255, 457, 460,

256, 237, 462, 466
260, 262,
265

Liver, white 29, 33, 36 232, 234, 430, 433, 630, 633,
foc: 37, 39, 40, 239, 241, 434, 436, 634, 636,

41, 43, 45, 242, 243, 438, 440, 639, 641,
48, 51, 55, 244, 245, 441, 442, 642, 643,
57, 58, 66 246, 247, 443, 444, 644, 645,

249, 250, 445, 446, 646, 647,
252, 253, 451, 453, 649, 651,
254, 255, 455, 456, 654, 655,
256, 257, 458, 461, 659, 661,
258, 263, 465 663, 664,
266, 267, 666, 667,
268, 269 668, 669

LIver, mass --- --- 457 650, 705

Live-, lar-e --- 269 --- 658, 706

Sole._n ,aar 13 268 447, 463 ---

:oci

Splecn, lar-e 46, 58, 61 259, 261, 527, 445, 642, 655,
65 269 457, 459, 658, 663,

453, 463, 668
466-

Kidnev, cysts --- 501 ---

: ~dne;, un-lat. --- 702
aolasia

i dne..,, uni lat. 507
ho ! as 3

-- - 614, 666

'Ies, er- - n, ass 53 --- 464 ---

Perltnltl --- 705

rion.

var" mass -48



AFOSR

- 32 -

Table 7, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, :hat
are antitransformers in cell cultures.
Necropsy findings of scheduled sacrifices. Data
are oresented b, number of affected animals.

Findina Crouo 1 Grouo 2 Group 3 Grouo 4

General, anemia --- 409

teneral, obesiatas --- 708
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7able 8: Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mers in cell cultures.
Necroosv findings of moribund sacrifices and
snontaneous deaths.
Data are -resented by number of affected animals.

7indina Grouo 1 Group 2 Ground 3 Grouo 4

EN E RAL
Cachexia 12, M9 M1201 M4409

Anasarca >%18, T104 M206, '1304 T506
,307, T202

Lymp.h nodes :.14, 46 :201, :210 M404, M405, M603

largze M406, %1410,
'-414

SKIN
Alooecia Ml, M2, M3, M1202, '.1210, IM402, M405, M614, 1702,

>5, M7 .',1215, >1301, M407, M408, /1709
:.1207, T201 :.4409, >1501

Ulcer 14, M5, %17, M207, %1208, :.!404, >1405, %1603, M604,
:1101, 41102 M213 M406, >407, :702

:-1412

Subcut. tissue M2, M7, M10 M203, .1207, 1402, .1410 M601, M702
mass 1103, .309

Subcut. abscess '05 -1204

Preputial ,gland .'.!102- -- -- -

large

Clitoral gland >112
large

THORACAL CAVITY
serous content M201, T201, M408

T2202

Iemorrhage T102

>ass --- M602

ABDOMI'UAL CAVITY
-Nsc i -_es --- T202

'iESENTERY
1ast --- -.. 03

.'.a s s ..... --- 03

. . . ........... ..... . . . . . . . ~ - AL ,, =. ,,= . ,. . .m,
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Table 8, cont.: Animal exoeriments and pathology in: Animal
studies on the mode of action of agents, that ar _

antitransformers in cell cultures.
"ecroosv findings of moribund sacrifices and
spontaneous deaths. Data are presented by numoer
of affected animals.

Finding Grout 1 Grouo 2 Grouo 3 Group 4

SM!,tALL INTESTINE
:4eteorism --- 4205

intussusception --- >1302, T304 M502

:.ass ".7, 110 :214 M408 M607, M614

ADRENAL
'.!ass -,213

KIDNEY
light yellow M6 1205, M207, M406, LM503 M608, M709,

M212, M307 ,1710, M71l

Mass --- -M408

large :!307 --- M604

LIVER
large."/, M13, M209, M211, --- M607, M614,

',102 M304, :1308, :4703, M704,
i1309 ".1711

'lass --- M213 M 503 M607, M712

white foci :12, M13, 1M209, :-213, NI403, :1410, :,l703, M704,
T103 ..105, "1306, M413, T401 M707, M708,

M308, 4309 1709, M710,
.71l, T703

OVARY
Cyst :.. - -413 ---
.',!ass M7, MIl Z1215 M4408 M607, M609

UTERUS

..ass m-7

SPLEEN
large 11, :i12, 14, M201, M20, %1402, :.!404, M603, M607,

M5, M,7, :.110,'.2C3, M204, M405, :.!406, :1708
,i02, :4103 4209, ,!214. V407, ',10,

:215, :30 1 , > 501
:1302 , -)3,

,:3'4 ,M305,
T201
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7iole 3, conn.: Ar.imal experiments and pathology in: Animal
studies on tne mode of action of agents, that are
antitransformers in cell cultures.
>Xecroosy findings of moribund sacrifices and
spontaneous deaths. Data are presented by number
of iffected animals.

Findinc GrouO i Grouw 2 Grouw 3 Grouo 4

HEART
large --- T201 M408

WNG
Mass --- --- M602, M1712

THYMUS
large M4, " 017, Mi0,>201, M402 ---

M1103
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Taile 3: Anrmal exoeriments and patholoav in: Animal
s.udies on 7-2 mode of action of agents, that are
anti transformers in cell cultures.

findings. Neoolastic changes.
Da-a afe -;_rese-n!ed by number or arfected animals.

Tindinc Groun I Group 2 Group 3 Grouo 4

SPLEEN

:alianant M 1 M205,%4209, M 503 M703,M707,
lvmchoma 1211,M213, M-/0,M712
_lvmonocvtic "215,M304,

T305

.alignant 136,152, M201,M202, 424,436, 658,722,724
Lymphoma .,14, .15, 1204 ,.1301, 442,527, 733,M,1601,
mixed cell :.7 ,%110 , Ii01 :.1302 ,M303, 531,532, M606,M702,

..... 0 2 ",401,M402, M704,T701
:e403 ,M404 ,

:,405,M406,
!1407 ,'.14 10 ,

M1411 , _M501

Maianant 152 --- 463
ymohoma

tstlocvtic

.iemangioma --- T306 --- 767

M!alignant M7 ,101, 232, M201, 425,447,
lymphoma >.1103 M208, M301 539,m407,
mixed cell :,M501
type

:KIDNEY

.%a' inant --- >1201 ,M301, M406 ,M501 >1606
1vmphoma NOS T305

LYMPH NODES
:-Aai iqnant - --- M503- -

Lymnhoma
lvnn.nocv tc

"a nanz 152 ,'%1,.17, :.1207 ,M210 572,573, M607
L "Y'ra homa :.110 M1403, M405,
:nixed cell 406, M414

3L.IA ".AD i B .
%,!aii(.nant - -M41 ---

-/m p hcm a

t 1: X e 1 '

vrno namem~n m
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Taole 9, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of acents, that are
antitransformers in c-11 cultures.
llistooatholoay findings. Neoolastic lesions.
Data are -esented by number of af.ected animals.

Findinc Grouc 1 Grouo 2 Grouo 3 GrouD 4

Hemanaioma --- '!305 M708,712

"lemanaiosarcoma --- '.1213 --- 748

Malie nant - 206,M21I, '1409,'1503 :1605,M610
ymohoma :1304 ,1309

1lympnocytic

M',al ignant -'301 M401 ,M402, 722,M606,
i vmohoma M403 ,M411, M607
mixed cell M 501
type

Adenoma 650
hepatocell.

Carcinoma -1602
hepatocell.

L UNG
Carcinoma NOS, 712,771,
metastatic N!602

TISSUE NOS
Hemangioma M705

Malianant M601

lymonoma NOS

Sarcoma NOS --- M401,M402 ---

PANCREAS
M'.ali.nant 527
lvmpoma NOS

VARY
Kranulosa cell --- 607
tumor oenign

SMLNTESTINE
:!al -Tnant --- 463,464
1ymlpnoma :iOS

Adenocarcinoma :!2 ---

Sar -coma NiOS -- 403
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Table 9, cont.: Animal experiments and pathology in: Animal
studies on the mode of ac7ion of agents, znat ar7
antitransformers in cell cultures.
Histopathology findinas. Neoolastic lesions.
Data are presented by number of affected animals.

Findinc Groun 1 Group 2 Groun 3 GrouD 4

UTERUS
Leiomvosarcoma M7

EYE, LID
Chondroma --- --- >403

SKIN

Squamous cell --- -702
carcinoma

The abbreviation NOS means not otherwise soecified.



P Jbe 1: Animal experiments and pathology in: Animal
studiies on the modle of action of agents, that are
intiitzansformners in cell cultures.
'ilstooat'noloay findings. Non neoplastic lesions.
:Dn are oresented by number of affected animals
2Scor2') . Scoring scheme s. Table 12.

zidn.GrouO I Groun 2 Groun 3 Groun 4

I -IioId117(3), 221(2), 420(2) , 620(2) ,
> voerolnsila 245(2), 501(2), 709(3)

305(1), 526(3)
308(1),
314(2),
325( 3)

ovmhoid 16(3),43(3),217(3), 403(2) , 711(2),
deoletion 52(l),64(3),223(3), 451(1), 737(1),

123(3), 226(3), 466(2), 745(2),
125(3), 230(3), 513(3), 747(2),
137(2), 2(1,23), 749 (2)
148(1) 246(i), 546(2), 756(2),

248(1), 547(2),
249(1), 550(2)
345(2),
349(2) ,
350(2),
M212 ( 3),
,,305( 3)

Hematopoiesis 9(3),14(3), 217(3), 403(2), 603(3),
16(3) ,20(2) ,219(l) , 405(3), 604(1),
22(4) ,23(3) ,223(3) , 418(3) , 609(2),
24(2) ,28(2) ,226(3) , 453(3), 658( )3),
60(1) ,64(4) ,227(2) , 459(4) , 663(3),
67(3), 228(2), 462(l), 674(2),
102(3), 255(2), 502(3), 701(3),
103(3), 259(2), 510(3), 704(3),
104(l), 261(3), 511(2), 707(4),
113(3), 262(2), 513(3), 711(3),
122(4), 266(1), 520(2), 719(2),
123(2), 301(2), 52323), 721(3),
137(2), 314(2), 537(2), 723(3),
140(3), 316(3), 539,4), 737(2),
145(2), 320, 545(3), 739(3),
156(3), 225(2), 553(2), 742(4),
158(1), 3)04(2)), 555(3), 748(3),
162(2), 349(2) , 556(4), 750(3),
M-8 (2) ,%19(2) ,351(1) , 558 (2) , 753(3),
:il101(2), 352(2), 560(2), 754(2),
:1102 (2) 354( 2), 561( 3) , 755(l) ,

3-56(2), 568(2), 756(4),
357(2), M412(2), 758(2),

3664), :.502(2), 760(2),
361(2), M-503f4), 761(2),
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Table 10, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that
are antitransformers in cell cultures.
:Histopathology findings. Non neoplastic lesions.
Data are presented by number of affected animals
(Score). Scoring scheme s. Table 12.

Finding Grouo 1 Group 2 Grouo 3 Group 4

zleratoooiesis 362(3), M505(3), 762(1),
cont. 364(2), 763(1),

365(3), 764(2),
366(1), 765(2),
M207(3), M608(1),
M210(2), ,1701(2),
'4306(2), .1706(1),
M309(3) .4708(3),

714(3),
744(5)

Hematocyst 569

THYMUS
Lymphoid 52(1) 238(2) 425(4), 673(3)
depletion 437(2),

521(2),

Lymphoid 261(4) 639(2)
hyperplasia

Cyst 13,27,32, 223,233, 439,452, 639,640,
34,36,37, 239,244, 454,462, 645,647,
39,41,49, 246,264, 466,467, 649,650,
50,51,57, 268,316, 517,522 652,654,
62,68,121 318,319, 655,660,

271 662,666,
672

SKIN
Abscess, subcut.M7,Ml2 M309 M601

Dermatitis, M7(4), M203(4), M303(4) M604(4)
chronic, MI01(4), M204(4),
ulcerative N1102(4) '1213(4),

M303(4)

Dermatitis '15(3),M102 --- 539(4),
chronic active M404 (4)

Dermatitis M403 (3), M603(4)
hrnic 1405(3)

>406(3)

Hair follicle --- :402(2)
St r Oph y
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Table 10, cant.: Animal experiments and pathology in: An2.mal
studies on the mode of action of acent s, that
are antitransfarmers in cell cultures.
Hi stopatliology findings. Non neaoplastic lesions.
Data are oresented by number of affected animals
(Score). Scoring scheme see Table 12.

Finding Groun 1 Grouo 2 Grouo 3 Groun 4

'IEART
myacardiJum -- T202(3) ----
deceneration

J KIDNEY
ANmvloid "16 (4), 206(4), -10() 1606(3),
deoosit .19, 4113, >'1205 (3), '4413(3) , >'1608( 3),

T4(4), >,'1207 (3), M5 0 3(3), >1707(3),
T104(3) >1208(3), :1505(3), :1708(3),

,1210(3), T402(3) 1,1709 (3),
>1211(4), T 5 04 ( 3 >1(3),
>1212(3), T505(3), 14711(3),
'1213 (3) , T506(3) M712(3),
:,1215(3), T703(4)
.'1304 (3),
:41305(4) ,
.M306(3),
,.1307(3),
M1308(3),
T202 (3),
T305 (3)

Inflammation --- 305(2), M408( ) M1608(2),
interstit. >1307(1) >1712(1)
chbrani c

Hydranephrosis M1101(4) ------

Papillary --- '1212 (3) M1408 (2)
necrosis '>1307 (2)

Tubuli -- - - 1711(3)
cytoplasmatic
alteration

Tubuli -- '1307(2)- -- -
dilatation

7ucluli --- T402 ( I
:ineralzatIan

Tuouli TP104(3) :1305(2), M604(l), >1708(1),
protein cast-3 '1307(2), T504(2) ',1711(2),

T305(2) TP703(2)

ADRE'IAI GLAND
A. yioid deocsit -- 73(3) --
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Table 10, cont.: Animal exceriments and pathology <.n: Animal
studies on the mode of action of aqents, that
are antitransformers in cell cultures.
Ii stocatho!gv findings. Non neoplastic lesions.
Data are presented by number or affected animals
(Score). Scorina scneme see Tale 12.

Finding Groun 1 Grouo 2 Grouo 2 Group 4

LACRIMAL GLAND
Inflammation :!0(4)
acute

LIVER
Cvtoolasmatic 571(3)

alteration

Focal cellular --- M305(3) m412(3)
chanae (basooh.)

Focal cellular --- 1215(3)
change (eosinoph.)

Necrosis :!6(3), 234(3), 433(3), M605(2)
focal M13(3), M209(3), 434(3), M607(3),

T103(3) M213(3) , 571(3), M608(2),
M304( 3 , M408 3' 1703(4),
'1306(3), M409 2 M704 3
M30 3 2 1410(2 M706( 3
M309 3), 1502 3 M707 2
T-304(3) T402(3), M709(3),

T502(2), M710(3),
T503(4) M711(3)

Cytoplsmatic '6(3)
vacuolization T103

OVARY
Amvloid T305
deposit

Cyst M3 M305 M412

Hematocyst 53 M215,T305

SMALL INTESTINE
Amyloid --- M408(4)
de-osit

-Intussusception .- >302 M502



Taole 10, cont.: Animal experiments and oatnolooy in: Animnal
studies on the :mIode of action of agents, :flat
are antitranstormers in cell cultur~s.
:-istooatholoav findincis. Non neoplastic 1es-,ons.
P-ata are orese:nted c-v number of affected! anim:als
,Score). Scorina sonerne see Table 12.

Finding Grou-r 1 G1rou-D 2 Groun 3 ';rou-m 4

UJT ER US
Amvlo id ---- 4 68 , M4 08 --
,-eo)os it

Endornetrium --- 08----
cvstic hv-oer-)lasia



.3nl~11: nal exneriments and patioloqy in: Animal
s-udies on the mode of action of agents, ra-
antitransformers in cell cultures.

U~so~a2olcvfindinas. Survey of the incidence of
n2--0-23aZ-ic lesions.

:nd-, 1 Number of affected animals in :in
Groun 1 Groun 2 Grouo 3 GrouD 4

Animals wiha 11 2 26 24 1-2,1-3,1-4

:ina:1 ~ 21 25 16 1-2,1-3
I cm a tota I

QI'tner ne(Th-lasms 24

SPLEEN
Hemangloma 0 1 01

'Ialignant lyrnonoma 17 1 4 1-2, 2-3

.'a ijanant 1ymrhona 9 6 16 9 --
ix~ed cell tv.?oe

:alicmant lvmohorna 1 0 1 0
2-istlocytic

TMI Y 'IUS
M'alignant lymphorna 3 4 5 5 --
mnixed cell t:voe

:DLiE Y
MIalignant 1y-nihoma 0 32 1
MOS

LY.'PH NODES
Malignant lymphoma 4 2 6 1
mixed cell type

MIalig3nant lymphomna 00 1 0
I vmc)h ocv ti C

Q. MANDIBULARIS
:alignant lymnohoma 0 010
lixed cell ivope

si7,fl*: slinir~cant differences between groups indicated
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Table 11, cont.: Animal experiments and oathology in: Animal
studies on the mode of action of agents, Zrhat
are antitransformers in cell cultures.
HIstonatholooy findings. Survey of the inciden-
ce of neonlastic lesions.

Finding Number of aff2cted animals in
Groun 1 Grouo 2 Grouo 3 Group 4

LIVER

Henanaioma 0 1 0 2

7imangiosarcoma 0 1 0 1

:aliignant lympnoma 0 4 2
lymphocytic

Malignant vmphoma 0 1 5 3
mixed cell type

Heoatocellular 0 0 0 1
adenoma

Hepatocellular 0 0 0 1
carcinoma

LUNG
Carcinoma NOS, 0 0 0
metastatic

TISSUE NOS
Hemangioma 0 0 0 1

Malignant lymphoma 0 0 0 1
I;OS

Sarcoma NOS 0 0 2 0

PANCREAS
Malignant lymphoma 0 0 1 0
NOS

DVARY
k;ranulosa cell 0 0 1
tumor, benign
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Tacle 11, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that
are arizitransformers in cell cultures.
Histopa-_ho~omr findinas. Survev of the inciden-
ce of neoolastic lesions.

ndi-na '.lumber of affected animals in
Grouo I Grouo 2 Grouo 3 Grouo 4

SMALL NT STINE
lali(7nant lvmphoma 0 0 2 0

NOS

.,denocarc inoma 0 0 0

Sarcoma NOS 0 0 1 0

Leiomvosarcoma 1 0 0 0

EYE, LID
Chondroma 0 0 0

SKIN
Squamous cell 0 0 0
carcinoma
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ble 12: Animal experiments and pathology in: Animal studies
on the mode of action of aaents, that are antitrns-
:ormers in cell cultur2s.
Scorina scheme of histopathology findings.

Score Verbal descriotion

I minimal
2 mild
3 moderate
4 marked
5 severe



-i'17Ure I :Animal exoer-4ments and oathology in: Animal studies
on the mode of action of ace nts, that -are ant-Ltransf,)r-

~esin cell c'li-uras.
Body weich-: -nales.

COl

CD
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z?-zure-2 :Animal exoerJiments and c)athology in: Animal scudies
on the mode of action or agen::s, cthat are anrtizransfor-
mers in cell c'iltures.
Body weiont, f,-.males.

211



3:Animl~a experiments and patriology in: --anirna1 stuidi, s
on :no, mode of action or agenits, ':.-at ars'? ant-itrarisfD.-

-'r n co1I ou'-'tur-' S.
,imrccrsumtion, :-nales.

. . ........
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--oure ":Ani mal exoeriments and pathology in: Animal studies
on the -node of action or agents, tnat are anti:ransfor-
mers in cell cultures.
'.,ater consumption, females.
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Fiqure 5:Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mers in cell cultures.
Total number of animals in study, males.

Jv

.//

I/f

II
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?2ue6:AZnimal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mters in cell cultures.
Total number of animals in study, females.

-
x7

Z0



... ." - -it - - !_'~ - -

AFOSR
- 54 -

u re 7:Animal exeriments and pathology in: Animal studies

on the mode of action of agents, that are antitransfor-

mers in cell cultures.
Number of animals with malignant lymphoma at typical

Days.

<
2
0
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zC< C

LJZ -0

LO ~- Ca -'

C©

00p E

- -- -0 zE E 0
1 Q < CZ 0 LO

I 0 10 0 LO
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LYMPHOCYTE SUBPOPULATIONS

The regulation of an induced immune response occurs by the inter-

action of different lymphocyte subsets. In the absence of one of

these necessary cell suboonulations the circuit is interrupted

and a deficient immune response will take place. Recently Jerne

pointed out that the immune system in its ability to respond

to antioen is complete, even when 90% of soecific antibodies

are lost. In mice, 100 rad ionizing radiation can decrease zhe

peripheral lymphocyte count up to 25%. However, if the lymphocyte

subsets have the correct cellular composition error free inune

reactions can occur.

Viaws on the immunological consequences of radiation damage are

still controversial because multiplicity of lymphocyte subsets

and factors are recuired for immunoregulation. The radio-sensi-

tivity of helper T cell subpopulations has been determined but

that of suooressor T cells is unknown. It is also unknown whe-

ther or not precursors of helpers and suooressor T cells have

the same radio-sensitivity. The radiation induced impairment of

snecific functions of lymphocyte subsets appears to be an imDor-

tant factor in the immune suporession and in the pathogenesis

of viral infections, especially in immune deficient and auto-

immune diseases as well as in carcinogenesis. Cytotoxic lympho-

cvtes are believed to play a crucial role ±n the development

of immunitv to virus infactions und tumors.

Differentiation of 1%'mohocytic suboonulations

Lvmnhocytir suboo-Dulations were investigated after application

of 1 mM 3-MBA/d and i Gy 60-Co-gamma radiation and aoolication

of I m' DADH/d and I '3v 63-Co-gamma radiation.

The tonal T cell !Pan -) pooulation in soleen cell suspensions

was den..... in a d.irec inunofluorescence test using the

-ionoclnal antibod': anti-T,;1 1.2 FITC (Becton-Dickinson) . Soleen



cell susoensions prepared to 106 cells/m in cytotoxicit, mne-

dium (Cedarlaue) were incubated at 370 C for 60 min to reduce

background fluorescence due to unspecific binding. After centri-

fugation, The cell sediment was incubated with 10 /ul anti-Thy

1.2 FITC at 4°C for 30 min. After incubation, cells were washed

twice with PBS and then susoended in a solution of PBS and poly-

vinvlalcohol in alvcerol. Five to 10/ul of cell susoension were

dropped onto slides and examined for oercentage of fluorescent

ells. Suzoressor/cytotoxic T cells were differentiated by anti-

ytv 2 antibody (Becton Dickinson). For experiments with 3 IBA, a

direct test was oerformed using the FITC-conjugate of anti-Lyt 2.

Since the fluorescence of cell membranes was very dim an indi-

rect test was performed in the experiments done with DADH;

instead of the FITC conjugate, biotinylated anti-Lyt 2 was used.

Aft2r 30 min incubation and the washings of cells, Avidin FITC

(I/ua/106 cells) was added and cells incubated for further 30

min. Further preoaration was the same as for direct tests.

B cells were stained by anti-mouse Igh + M (Becton Dickenson)

FITC in a direct test usina 100 /ul of 1:20 diluted antibody.

1 ml" 3-MBA/d administered on 5 consecutive days did not show

any effect on the percentage of Pan T cells, suppressor T cells

and B cells (table 1), three days after termination of treat-

ment. 60-Co radiation of 1 Gy caused a significant drop in the

Pan T cell poulation, a small diminuation of suppressor-cytoto-

xic T cells, which was statistically not significant (table I),

and left B cell rates unchanged. The combi.,:ation cf I mII 3-MBA/d

=nd 60-Co-camma radiation sicnals an influence of 3-MBA on the

'balance of lymphocytes: Pratreatment with 3-MBA of irradiated

anmals orem;2ntad tne reduction of T cells by radiation to a

.: in-'nicant extent, and showed the tendency to render also suo-

rresso--c';o-oxc T' ell values -o normal rates (table 1)
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Taole 1: Lvmrnhocvtic suboooulations; C57 bl mice treated by
3-wA i mM1 </z/d and 1 Gy 60-Co-gamma radiation;

variance analysis, simnificance = 5%,
f:actor A: conrol (1), 3-M!BA (2), irradiation (2),
3- : Irradiation (4)

ANOVA RANKV 1 2 3 4

Pan T 0.000 0.0001 m 32.5 32.4 20.8 36.2
+ + s 7.0 6.0 4.5 4.6

n 10 10 10 10

3 < 1, 4 > 3, differences significant

Sunor/Cytotox 0.0017 0.0031 m 13.3 14.7 10.4 13.3
s 2.4 2.1 2.1 2.6
n 9 10 10 9

3 < 1, difference sianificant

B 0.0377 0.0922 m 54.3 50.3 58.7 49.5
- - s 3.6 4.6 9.6 6.5

n 10 10 10 10

The same tendency could be observed with DADH (table 2): no

effect of DADH wnen aoplied on five consecutive days, a signifi-

cant droo of Pan - cells three days after irradiation, a small,

but statisticallv not significant increase after combined treat-

ment in comparison with animals on!v irradiated without DADH

oretreatment. The small B cell values observed (table 2) with

the last series of exoeriments could be attributed to the fact

that male animals were used, while only females had been used

a! I other exceriments.
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Taol 2: Lvmphocvtic subDooulations; C57 bl mice treated with
1 n:/kc/d DAD}{ and 1 G,, 60-Co-gamma radiation:

variance analysis, significance = 5%,
:actor A: control (1), DAH (2), irradiation (3),

+ rradiaticn (4)

ANOVA RANKV 1 2 3 4

Pan T 0.0223 0,0668 m 29.1 27.0 23.3 25.7
s 3.7 4.3 4.6 3.7
n 10 10 10 10

3 < 1, differences significant

Suppr/Cytotox 0.5099 0.3809 m 11.9 11.0 9.7 12.1
- - s 3.6 4.1 3.2 3.6

n 9 9 9 9

no siqnificant difference

3 0.5455 0.3278 m 40.3 40.8 40.1 36.1
- - s 9.3 7.6 7.2 7.7

n 10 10 10 10

no significant difference

An aspect of radiocrotection 2-MBA on the immunesystem during

radiation therapy see enclosure 4.

In t e long term experiment lymphocyte subsets were investigated

over the whole life span of C67 bl mice.

The results obtained on the number of Pan T cells, suppressor-

c'totocxic T cells and B cells are illustrated in figures 1-3.

TIey are submitted to :ne following statistical analysis: First-

L.. results of the four testarcuos were compared with one another

a- anv - the ten terms of irestig ation. No si:nificant diffe-

nc' te_.,,een test grouos could be estabilshed at a significance

.. n. an a second analysis the terms o' investications

";. m.ared within eac- -estcroun and subpoouation. Since

..erences ^ere found b-2tween various terms of

S:-.- t:t ss the linea- r-cression between oercentage of

,,n~mm~V-m' *..'33 3tud2m m m
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a siqnificant neqative correlation between the number of Pan T

cells and suopressor/cy'totoxic '2 cells and the age of the ani-

mals was established.

Pan T cells - coefficient of regression = - 0.00655

sunoressor/cytotoxic T cells - -"- = - 0.01213

sianificance level 5%.

No sionificance was found for the percentage of B cells.

These findings are in good accordance with the data of Hirokawa

et al. (Gerontology 30 (1984) 223-233). The latter found a pro-

nounced age related decrease in T cell mediated immune functions,

while B cell activities showed no age-related chance. At the

very end of their life-span (670 days), animals showed an

increase in the percentage of Pan T cells - an effect that was

also observed by the Jananese authors for the mixed lymphocyte

reaction.

in any case no effect of the test substance on lymphocytic sub-

populations could be observed, although DADH showed a slight

effect on the re-establishing of lymphocyte subsets in the short-

term exoeriments. This results may by attributed to the fact

that within the short-term experiments subsets were investigated

three days after irradiation, whereas in the long-term investi-

gations the first samolina took place seven days after irradia-

tion. At that time lymphocytic subsets orobably have already

redressed their balance.
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NATURAL KILLER CELL ACTIVITY

Natural killer (NK) cells caoable of spontaneous lysis of tumor

cells, and killer (K) cells that can lyse antibody-coated target

cells have been demonstrated in many species. Much attention

;.as been focused on these cells because of their nossible role

in the elimination of tumors and virus-infected cells. Although

NK and K cells have been characterized as "non-T, non-B cells"

because they are not gene rated in the thymus and do not express

the usual array of T and B cell surface markers, their cell

lineace remains an enigma. In mice natural killer cell activity

declines several weeks after birth.

Tarcet cells were YAC-1 cells obtained from FLOW (Moloney virus
6

induced lymohoma). 5.10 /ml target cells were labeled with

Na51 Cr0 (soec.act. 459 mCi/ma) usina 100/uCi/ml at 370C for
2 4 "4

1 h. After two washings, 4.10 target cells were mixed with

effector cells at the ratio 1:25, 1:50 and 1:100 in a total of 2

ml comolete medium (= RPMI 1640, 20% fetal calf serum, 100 U/ml

penicillin, 100 uc/ml streptomycin, 292 ug/ml L-glutamine
-5/ /

5.10 M mercaotoethanol). Effector cells were spleen cells

of C57 bi mice that had been irradiated by i Gy 60-Co with/wi-

thout apolication of DADH (groups III and IV). The test was per-

formed 17 days after irradiation. Lymphocytes were obtained

after Ficoll-Urocrafin centrifugation of spleen suspensions.

Tarcet and resoonder cells were incubated at 370 C in 5% CO

humidified incubator for 3 h. After 5 min centrifucation at
51~

3000 rum, 100 /ul were removed from each sunernatant and Cr

activity determined in a gamma counter. Spontaneous 51Cr-release

was measured in sunernatants of YAC cell susnensions that had

been incubated without effector cells for 3 n. Maximum release
4was counted a te.atment of 4.10 ta-get cells with 5% solu-

tion of sodium laurylsulfate for 5 mmn, followed by aqua dest

and sedimentation of cells by centrffugation a, 3000 rpm. Percent
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51snecific Cr-release was determined bv the formula:

exnerimental release - soontaneous release 100
maximum release - snontaneous release

Results: Treatment of animals by DADH oer se did not cause an';

significant difference in natural killer cell activity (Tab. 1).

When DAH was applied together with irradiation, it restored

natural killer cell activity to almost normal values (Tab. 1)

two weeks after irradiation. A further follow up of NK activity

,did not seem useful, since it is well established that NK cells

subside to undetectable levels in adult mice beyond 12 weeks

of age (Djeu, J.Y. et al., J.Immunol. 122 (1979) 182). The above

mentioned results could be reaffirmed with a second group of

animals (Tab. 2); in this second experiment all three ratios

(1:100), 1:50, 1:25) produced different means for groups III

and !V. But onlv the difference for the highest ratio (1:100)

was statistically highly significant. The generally higher values

of experiment 2 are due to the fact that a new charge of YAC-l

cells was used which showed much better 51Cr-labelling.

ble _.: •Natural killer cell activity determined by spontaneous
--Cr release from YAC-l target cells; target: effector cell
ratio: 1:100, tests were oerformed 17 days after irradiation.

% 51Cr-release

grouO I II III IV

animal 1 19.5 13.6 4.1 14.1
animal 2 10.8 11.3 9.0 12.7
animal 3 20.8 23.7 5.0 7.7
animal 4 14.7 13.9 1.4 9.5
animal 5 13.3 9.5 2.7 8.1

IT 11  miv 
15.8 + 4.2 14.4 ' 5.5 4.4 + 2.9 10.4 _ 2.3

< .1 1 V - P < 0.1%, difference sianificant.
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Table 2: Natural rziller cell activity determined by soonzaneous
cr riease from YAC-i target cells 17 days after irradiation.

%Cr-release
a rouin i

ratio 1:100 1:50 1:25

animal 1 15.7 14.4 10.9
animal 2 19.4 14.1 11.3
mnimal 3 16.7 15.3 n.d. (<!)

J animal 4 20.1 14.8 14.3
animal 5 19.5 19.2 17.1

= 18.3 m = 15.6 n III =  13.52 3

s.d. +1.9 +2.1 +2.8

%Cr-release
group IV

ratio 1:100 1:50 1:25

animal 1 31.4 18.3 14.4
animal 2 54.5 41.7 31.6
animal 3 29.5 16.3 16.2
animal 4 43.1 10.7 n.d.(<l)
animal 5 26.9 14.1 8.8

m = 37.1 m 2 = 20.2 m 3  = 17.8

s.d. +11.5 +12.3 +9.8

(--test: mIII < mIV , P < 0.05%, difference highly significant)

-t is uf soecial intere2st, that in the combined group (IV) the

.[K activity is mucli higher compared to the irradiated arouo
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POLY(ADP-RIBOSE)-POLYMERASE ACTIVITY AND REPLICATIVE

DNA SYNTHESIS: C57 bl MICE TREATED WITH DADH

AND/ORJ<-IRRADIATION.

INTRODUCTION

C57 b. mice permanently carry the information of a retrovirus

in their genome. After 1(-irradiation oncogene activation occurs

and there is a high incidence for malignant lymphomas in these

animals (1). The tranforming genes of retroviruses are c-onc

.3enes derived from normal cellular genes and there is evidence

that virus induced tranformation is correlated with increased

level of exoression of these aenes (2). The cell derived onc
:ecuences of thymic lymphomas in C57 bl mice are designated K and

N ras and probably tyc (I. Guerro, personal communication). With

induction of differentiation a certain diminuation in virus rela-

ted onc messaae was observed (2). The exoression of related onc

secuences was also detected in an neoplastic T-cell line which

oroduces the human T cell lymphoma retrovirus HTLV. The expres-

sion of 9rotooncocenes is induced following induction of termi-

n.al differentiation in vitro. inaporooriate expression of pro-

'ooncogenes "rvents the cell from reaching terminal differentia-

-ion. There Is a close relationship between the molecular mecha-

nismis underlying both proliferation and differentiation.

There is aIlso a close association of certain protooncogene pro-

'cts with both, differentiation and -Droliferation. Point muta-

tions in nrotooncocenes, which can result from defective or mis-

Io air, are he reason for aberrant rrowth factors which can

_nc mase t.e tumoricenic -otentia!.

*! ariet' of onccenes are amn!iied during tumor oroaression, and

o ff 7,ene amnolifcation can be increased bv acents

• .h ena"-l a transient Iniibition of DNA synthesis, inclu-

<.an: rrIaion and carcinccens. When DNA svnthesis is stopped

:'r nl( -1'. fir 2-4 hours of the -ase, secific DNA amolifi-

c nnr r nz..es involved 4n DNA metabolism.
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Amolification of these oncogenes can enhance their expression,

but mutation does not seem to be a necessary compagion of onco-

.ene amplification. For the amplification orocess of oncogenes

chromosomal rearrangements are necessary to bring the oncogene

in close connection to a reolication origin of DNA svnthesis. in

ealier exoeriments we could show that short repetitive inters-

-oersed DNA secuences called ALU sequences are present in DNA

reloication oriains (3). In an in vitro system, enriched repli-

cation origins enhanced the activity of the poly(ADP-ribose)-

olvmerase nresent in chromatin (4).

Antitranforming drug action of modulators of poly(ADP-ribose)-

polymerase (E.C.2.4.99) appeared to be connected to augmented

enzyme activity in vitro (5) and in vivo (6) and seems to be

...strcted to the early S phase, possible by the biosynthesis

of new oolv(ADP-ribose)-polymerase orotein (7). Inhibitors of

oolv(ADP-ribose)-oolvmerase may have promoting or inhibitory

effects on the transformation process dependent on treatment

schedule, concentration and cell cycle (5, 9 - 13). We have

cnoosen the antitransformina and differentiation inducing drug

:examenthvene bis-acetamide (diacetvldiaminohexane = DADH), be-

cause in vitro it orevented almost completely carcinogen induced

transformation at 1 n.M external concentration and even at 20 mm

had no aporeciable inhibitory effect on nuclear poly(ADP-ribose)-

olvmerase (5). Simultaneously with the differentiation process

an increase in oolv(ADP-ribose)-polymerase-activity was detected

in ervthroleukemia cells (14), in myoblasts (15), and in the pre-

sent exoeriment in soleen cells of C57 bl mice. DADH is a potent

inducer of differentiation in some cell types. The main part of

this comnound is deacetylated upon cell entry (16). DADH is well

water soluble and a hichly stable compound.

.!ar'%s et al. made daily injections of up to 30 mg/kg/d to tumored

ilce and saw an altered survival pattern, but not an increase

in overall survival (17).

The fact that in cur exneriments DADH seems to be also a cance-

o~enic or'ic7 Ls of interest in connection with the Ieacvlated

.- rO;dct, because tolvamines stirmulat2 DNA directed DNA synthesis

:*t ". zy tamra~in -,ne C ret=oviral DNA -oymerase (13).
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--he control of DNA synthesis seems to be one of the key points

in carcinocenesis. in all -3hases of this process, after initia-

--on, during oromotion and progression, inhibition of DNA synthe-

sis can interrupt carcinogenesis.

In the rosent paper oolv(ADP-ribose)-synthesis was compared

with DiA synthesis (including DNA amplification) in relation to

-ie occurrance of malianant lymphomas in C57 bl mice,

.N ,Ar L AN.1D .ETHODS

C57 bl/6 mice, 8-10 weeks old (supplied by the Forschungsinstitut
ur Versuchstierzucht Himberg, Austria), were used for the expe-

riments. Feed (altromin diet 131ff) and bedding material were

<-irradiated with 10 kGv for sterilization. The animals were

divided into 4 test groucs:

1. Controls,

2. Administration of DADH (100 nom in drinking water, during

whole life span).

2. Whole body irradiation with 1 Gy 60-Co with a dose rate

of 0.2 Gy/min, once initially.

4. Administration of the test substance, during the whole life

span and whole body irradiation, once initially after the

first week of drug treatment.

In the short term experiments animals were sacrified 18 h after

irradiation, the spleens removed and cell suspensions prepared

at 40C. The cell suscensions were washed twice with medium 199.

Liviag cells were counted by Trv-Danblue staining.

PAR-s;,nt.:esis: immediately after preparing the cell suspensions

raw chromatin was isolated by lysis in a solution of 0.111 EDTA,

'?.002:: Tris and 0.5% Triton X-100 for 5 min at 20 C. After wa-

sning t.e raw cnromatin once with distilled water, I ,uCi 'H-NAD1' /
NE:1, NT-44, 1.3 > 10 i 3Q/nmol specific activity) was added

n ...xture of 0.1S4 sucrose, 0.O01M EDTA, 0.002M DTE, 0.04M
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Tris, 0.04M IgCl, and 0.000125M NAD and then incubated at 37 C

-or 30 min. The reaction was stopoed by the addition of 40%

oerchloric acid (final concentration 2C%) in the cold. The oel-
let was hydrolysed at 90 C in 6% PCA for 30 min. The DNA content

(ootical density at 260 nm and 290 nm) and the radioactivitv

(liquid scintillation counting) of each sample was measured in

aliquots of the supernatant, obtained after centrifugation. The

radioactivity (counts/min) of the samples was calculated as spe-
-1 -l

cific radioactivity (counts.min ./ug DNA).

-'3

Replicative DNA-synthesis: 2.5 uci H-thymidine (NEN, specific

activity 72 Ci/mrmole) were added to the cell susoensions. This

incor.orat.on of thvmi.in .in th. DNA was stopped after incuba-

tion at 37 0 C for 90 min with icecold perchloric acid (PCA final

concentration 6%). The precipitate was washed three times with

6% PCA. The pellet was hydrolysed at 900C in 6% PCA for 30 min.

The DNA content and the radioactivity of each sample was measured

in alicuots of the supernatant after centrifugation. The specific

radioactivity (com//ug DNA) was calculated.

Gene amolification measured from the occurrance of double minu-

tes: Animals were sacrified and femoral bone marrow cells were

cultured for 3 hours in complete medium in presence of colcemid

and lymphocyte chromosome analysis were done after staining

the slides with Giemsa (pH 6.8).

RESULTS

13 hours after whole body irradiation the DADH treated animals

showed significant increase in ooly(ADP-ribose)-polvmerase acti-

vitv (fi 1) in spleen cells.
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At the same time reolicative DNA synthesis is low, probable due

to a block early in S-phase of spleen cells (fig. 2).

Gene amolification seems to be also restricted to the early

S-phase and double minutes were counted in bcne marrow cells

(fio. 3). For details see enclosure 5.
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Minutes in Bone Marrow-Cells
of C57 bl Mice

FiJqure 3 _____________

I a

12

9

3

c DD OAflH



78

In our long term experiments roly(ADP-ribose)-oolymerase activi-

zv was highest in 2/3 of the lifesoan in irradiated animals,

,nlv in the last ohase DADh treated mice showed hiher values

(fii. 4 .

Fiqure 4 Poly (ADP) rbose-polymerase activity
in spleen cells of C57 bi mice

unuradiated OADH
Ontrol ,rra ated

..............DAD ,(lle

%

........................

%........... .

50*

A B C D E F G-Il
30 87 136 258 440 504 54 573 3,j

Replicative DNA synthesis was highest at the beginning of the

--axeri:-,ents in the group with combined treatment (DADH +r).

Startina w.th ace C, it increased in the irradiated group to

the niighcst level of all groups (fig. 5).
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Fiaure 5

ONA SYNTHESIS

DISCUSSION

Cancer formation by "-irradiation of 1 Gy is almost always

a slow process requiring most of the life span of C57 bl mice.

T'e lonc latency appears due to a stepwise, sequential transfor-

,atlon of normal into malignant cells via several intermediate

--oulations. Differentiation steps are certainly of impor-

tace in these mechanisms. A relationship exists between inhibi-

the cell ccle and dif erentiazion of certain cells.

.. tnin differentiation was first sua-

.... --n and .Rosenbera (19). After an initi-i S-onase

-:"..D-rbs" c -sv n t nesis increased (15) , which was seen

S- r'crt term ex:neriments (fires. I and 2). The increase

.K activity of tne po-(ADP-ribose)-Dolvmerase

" :.cr.  e in the numcer cf enzyme noiecules,

, -ctlv1aticn (29) . Rut from our reslt-s
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we will not exclude also de novo svnthesis of tne enzyme.

After DADH treatment of mice there was no significant increase

in DNA strandbreaks. The activity of Doly(ADP-ribose)-)olymerase

4s not only decendent on the NAD+ level or DNA strandbreaks,

but also on an enzyme-associated DNA defined as s-DNA or coen-

zvmatic DNA. The factor NAD + level or NAD -glycohydrolase acti-

vitv could be excluded in our exneriments, since we measured The

=2nzvme activity in crude chromatin. From our amnlification or

J --dcuble minutes data we know that reolication origins are enri-

ched in cells which show higher specific DNA amplification, te-

cause only DNA secuences located close to reolication origins

can be amolified. (For details see enclosure 6). Poly(ADP-ribo-

se)-oolvmerase activity is in higher irradiated mice compared

with the croun of combined treatment. It is known that premali-

gnant cell; show higher polv(ADP-ribose)-polymerase activity.

On>y at the end of the life span DADH, which causes also a hig-

her risk for cancer, produced higher values.

reolicative DNA synthesis was initially higher in the group of

combined treatment, but during the rest of lifespan significant-

ly lower than in the irradiated group (figure 5). There is a

good correlation of the DNA synthesis in spleen cells with the

occurrance of lymphomas, because 500 days after starting the

exoeriments the number of malignant lymphomas was the same in

the group of combined treatment comoared with the control group.

At the end of the life span of C57 bl mice, when the number of

soontaneously occurring lymphomas was already high, the combi-

ned arouo was still lower compared with the DADH group and the

Irradiated nrou, (fi,ure 61, oly(ADP-rioosylation) of prote:ns

certain I lays a reculatory role in DNA metabolism and ultimat-

lv new insi'-hts lntc the cause of cancer and its exnression can

2e connecte d 'wts this regulation crocess.
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TOTAL NUMBER OF C57 bl MICE WITH MALIGNANT LYMPHOMA

I Controls
25 II DADH treated

(100 ppm i water)
III gamma irradiated (IG y)

20 IV combined treatment

Z 15

S10

I III IV 1 i IV
500 days 600 days
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DNA REPAIR AFTER UV-IRRADIATION

Unscheduled DNA synthesis (UDS) was nonsemiconservative repair

of damage to DNA, has been shown to occur over the entire genome.

The orocess was first revealed by autoradiography when UV irra-

iiation .as shown to induce the uptake of labeled thymidine

into non-S-ohase cells. At least three steps are required: DNA

damage, excision of the damage and DNA-strand polimerization

and ligation.

The misrepair or incomplete repair of DNA damage may be an ini-

tial step leading to many types of genetic alterations and,

indeed, many known chemical mutagens and/or carcinogens and ra-

diation have shown to induce UDS. More recently, attention has

oeen focussed on the use of primary cell cultures from various

tissues for UDS assays. These systems may provide more relevant

information on the genotocixicity of chemicals or irradaition to

selected target cells.

Comparison of the response observed in cells following in vivo

and in vitro treatment underscores some basic differences in

these two methodologies. Treatment of the whole animal generally

provides a more accurate measure of the response in a particular

targ et tissue than in vitro assays; however, these tissue-soeci-

fic assays may freauently miss genotoxic cooDounds that produce

tumors in other tartet tissues.

C-I sus-ensions -re-ared from soleens of 5 ml PBS, containing

about 5.10 ceils/ml, were irradiated bv a 15[W germicidal lamp

ot 254 nm and an incident Jose rate of lJ,'m sec at 4°C for

>0 sec. inmediateol after irradiation 10 uC/ml "H-thymidine

<;zi, s-)ec.act. 30 Ci/m.Y) was added and cell suspensions incuoa-

-2d a:: 3 7 a 9,) mfn. Unirradiated samoles treated In the

same way srrv:d as contr-D1s for the evaluation of backoround

jno roo[-t1'. _ DN A svtntesis (=SDS) . .ftir 30 mln incuoation,



i:-tvmidine uptake was stopped by addition of excess cold th-

miJine, me cells washed several times and fixed in icecold

:ietnanol-acetic acid (3:1). Autoradiocrams were oreoared by

0oda liuiU elnubisio, exuosed for i3 days; after deveiou-
ment, slides were stained with Giemsa.

One hundred cells were scored on each slide, the relative refle-

xion of silver arains per labeled cell was determined ohotome-

tricallir bv a Zeiss microscope photometer OI1.

it was pointed out inI Le Lt)urt uf Lhe grant period 1984/1985

that in the short term exneriments 1 mM 3-MBA did not affect the

amount of UDS induced by UV radiation; no differences in the
/D

relative incornoration of -H-thymidine per cell and the oercen-

tage of labeled cells were found between the control group and

the group receiving 3-MBA. 1 Gy of gamma radiation caused a

slight decrease in UV-induced UDS; combined treatment of 1 Gy

gamma irradiation and 3-MBA affected UDS to the same extent; but

in both cases no significance of this effect could be demonstra-

ted by variance analysis.

In the long term experiment we could find that spleen cells

without grains increased remarkable with age. The cells with

50 - 150 crains/cell and cells with <50 grains dont show great

changes during the life time. In the control group cells with

more than 150 grains are decreasing with age, but in the DADH,

and K DADH groups there is again an increase at the end

of the life snan. It is of interest that in this period the

vmnhoma incicence is increas:ng Ific. 19.

if we compare the ratio betw;een cells witn lvergra:ns to ceiS

without siv';or rzins, we can r-coqniz that in 3 1 ro': s it

the end 3f t le life s-an a gr~at numoer of cells without ro;ar

4ncorgoratlon of 'H-thvmidine exists. :n both irradiatec Irou-s

there is also a Jroo 7f grains/cell soon after lrradlatzon

In -he -AD'! rout tho r,con3t-:t - .on of cels, which snow

r ,]lr :oes ,ruc.zer -!nd I':Cc : t :;oilnts , iFd £ :"o cr t ,

v lues f . 2, 3) .
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It seems that there is a certain correlartion betw.een cnsoocai-

ned d-ata and the occurrance of lvmphomas.
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INFLUENCE OF ANTITRANSFORMER ON NUCLEOIDSEDIMENTATION

in C57 bl mice a C-type retrovirus is latent present and thymus

is essential for virus replication. In the short term exoeri-

nents we used thymus cells for our nucleoidsedimentation stu-

dies. Since the thymus degenerates during life suar spleen

cells were investigated in the long term experiments.

'Iucleoid sedimentation (sucercoiled DNA)

Nucleoids can be obtained by lvsing cells with non ionic deter-

gents in the ?resence of high salt concentration. The secondary

and tertiary structure (supercoils) of DNA remains intact under

these conditions. Besides of DNA, nucleoids contain nuclear RNA

and small amounts of nuclear proteins. A loss of supercoils

caused by DNA incisions, DNA strand breaks or intercalating

agents leads to changes of the sedimentation velocity of

nucleoids.

A linear cradient was oreoared (15 to 30% sucrose, 1.95 M NaCl,

C.001 ' EDTA Na2, 0.01 M Tris, pH 8.0) in centrifuge tubes and

overlayered by a lysing mixture (1.95 M CaCl, 0.1 M EDTA Na 2 ,

2 miM Tris, 0.5% Triton X-100). Cell susoensions, non irradiated,

imrmediately and 90 minutes, respectively, after an in vitro

irradiation (1 Gy 60-Co) were lysed on the to? of the gradients

fcr 20 min and af:erwards centrifuged at 132.000 x g and

20 C for 55 min. The sedimentation orofile (position of the

DNA ma:imum was determined by measuring the extinction at

254 nm in a flow photometer. The sedimentation distance of the

nuclecids as measured from the top of the gradients was related

to the w c lanath of the qradient (R,-values) (fig. i).

Both substances behave similarly wit> respect to the nucleoid

sedimentation orofiles. An increased sedimentation velocity can

:e seen '-s-ecill; in the combined 7roun. Proteaseinhibition or

incr:a:zeK DNA content 7er nucleoid generated zy gene amolifica-
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--on could -e an exoianation for this effect.

In the lono term studv a similar effect could be observed in

seccnd ,art of the life soan of irradiated :nice (fiq. 2].

we calculate the ratio between nucleoidsedimentation and

colv(ADP-ribose)-Polvmerase activity the irradiated group shows

the highest values, a moderate effect can be observed in the

-DADH arouo (fia. 3). Further exoeriments are necessary to

exclain these effects.
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BASIC UDS AND POLY(ADP-RIBOSE)-POLYMERASE ACTIVITY

Basic UDS in spleen cells

Basic UDS in healthy cells is generally very low, and silver

grains between 10 and 20 per nucleus can be seen only in prema-

lignant and malignant cells. Under certain selective conditions

also specific DNA amplification can contribute to higher silver

grain numbers per nucleuE. Figure 1 shows that in the control

group cells with more than 3 grains/nucleus only appear at

point D. In all other groups low level UDS starts already at the

beginning of the experiments. In the irradiated group cells with

= 8 SG/N occur early after irradiation, in the r+ DADH group

there is a delay in the onset of higher level UDS. Cells with =

20 SG/N show the same tendency, only in the last step of the

life span UDS in the irradiated group increased till the end of

the study. In animals, receiving only DADH, also higher UDS va-

lues were obtained compared with controls. A certain correlation

between basic UDS and the occurrence of lymphomas seems to

exist. (Coroare also poly(ADP-ribose)-polymerase activity in

spleen cells, page 78).
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Basic UDS in liver cells

Cancer formation by low dose radiation is almost always a slow

process requiring a long part of the total life span of mice.

The liver offers a major advantage for studies on cancerogenesis.

The earliest sign for transformed cells are discrete foci of

phenotypically altered cells in the liver. It takes very often

more than 1 year of promotion, before 50% of normal liver tissue

is reolaced by focal /-GT positive cells. If there is no promo-

tion after the early occurrance of foci, this premalignant cells

have no chance to survive (R. Schulte-Hermann, personal commu-

nication). Premalianant cells have already a higher poly(ADP-

ribose)-oolvmerase capacity. In our experimencs ooly(ADP-ribose)-

polymerase activity was followed after isolation of crude chroma-

tin. In figure 2 we can see that in contrast to spleen cells,

the combined group ( + DAD11) showed the highest ADP-ribosyla-

tion of oroteins. We cannot exclude that premalignant cells

occurred in the liver of mice in all treated groups in the first

1/3 of the life span, but they died after a certain time of per-

sistance. Tumor oromotors are often hormones or compounds with

hormone like effects. Some preliminary experiments with glutau-

rine have shown that this hormone like compound can increase the

poly(ADP-ribose)-polnmerase activity, without introducing DNA

Creaks (see also enclosure 7).

For UDS determination in hepatocytes a cell-suspension was pre-

oared. The liver of the animals - while in strong ether anaeste-

s4a - was perfused first with EDTA containing PBS and then with

a solution of 0.05 U/ml disphase and 10 U/ml collagenase in

BME medium with l& serum. The livers were incubated for about

one hour in this solution. The organs were cut into small pieces

and transferred to a solution of 0.5 U/ml dispase and 1 U/ml col-

!acenase in BME medium with 2% serum. A single cell suspension

-;as made by slowly stirringT this solution. The cells were cleaned

from debries by repeated centrifugation in PBS.

i I / 1-_nidne were added to 1 million of cells in BME

medium with 3% serum and incubated at 370 C for 90 minutes. The

ceils were washed in BPS and incubated in medium containing 0.1

m:nol/l inactivate thymidine for 30 min. After more washings in

"IS the celis were allowed to swell 5 min in I! trisodiumcitrate
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solution and then fixed with methanol - acetic acid.

-he fixed cells were dropped on to slides and covered with -onoto-

7rachic emulsion. After 3 weeks of exposure in the dark the

slides aere developed and stained with Giemsa. The number of

silver grains in 50 cells oer animal were counted in a micrsco-

ne.

.7ure 3 shows that UDS was highest in the combined group

DADH), followed by the c-irradiated group and DADH treated grouo.

If DADII has some carcinoaenic potential it seems clear that

UDS ma. be higher in the DADH treated animals because this sub-

stance was given during the whole life span. But it is of sne-

cial interest, that mice which received only once, at the bemin-

ning of the study, 1 G-, 4r-irradiation, 500 days later still

showed augmented basic UDS. DNA damage produced by 1 Gy 60-Co-

irradiation in mouse cells is normally repaired within 1/2 h.

Therefore a special mechanism (induction of error prone repair?)

should be responsible for this increased UDS, which is present

durina the rest of the life. The following tables show the sin-

cle values.
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F'1;ure 2

Poly (ADP ribose) -polymerase

activity in liver cells of C57 bl mice
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Table 1

+ . . . . . . . .+.. . + . . .. + . . . . . . .+

'MOUSE INDUCTION MOUSE INDUCTION
NR. UDS I NR. UDS 'o i

+ ..---------------------- ++----------------------+

501 0.53 190 701 0.31 111

502 0.38 136 702 0.30 107

503 0.16 57 703 0.24 86

504 0.38 136 704 0.32 114

101 0.20 71 301 0.38 136

102 0.16 57 302 0.30 107

103 0.21 75 303 0.33 118

104 0.21 75 304 0.37 132

+ ---------------------- + + ---------------------- +

I MEAN 1 0.28 100 1 1 MEAN 1 0.32 114

++----------------------+ ++----------------------+

---------------------- + +--- +-------------------+

MOUSE INDUCTION IMOUSE INDUCTION

NR.I0 NR. U OS

+---- 4-------------------+ +- 4-------------------+

105 0.22 47 505 0.76 163

106 0.38 81 506 0.82 176

107 0.36 77 507 0.66 141

108 0.92 197 508 0.42 90

109 0.40 86 509 0.26 55

110 0.50 107 510 0.46 98

111 0.40 86 511 0.40 86

112 0.54 116 512 0.56 120

+--- ------------------- + +--- +-------------------

I MEAN 0.47 100 1 MEAN 0.54 116

+--- +-------------------+ --- ------------------- +

305 0.36 77 705 0.50 107

306 0.74 159 706 0.76 163

307 0.24 51 707 0.82 176

308 0.22 47 708 0.50 107

309 0.20 43 709 1.50 322

310 0.48 103 710 0.56 120

311 0.38 81 711 0.60 129

312 0.50 107 712 3.38 81

.-- +-------------------+ ++--------------------

MEAN 1 0.39 83 1 MEAN 0.70 151

--- +-------------------+ +-----------------------+
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Table 1, cont.

- +-+ + -..... +

MOUSE INDUCTION IMOUSE INDUCTION
NR. UDS NR. UDS

+-------------------------- ---------------------------

113 0.50 56 513 2.54 285
114 1.42 159 514 1.86 208
115 0.46 51 515 1.22 137
116 0.64 71 516 1.34 150
117 1.18 132 517 2.32 260
118 0.96 107 518 0.66 74
119 1.40 157 519 1.34 150
120 0.56 62 520 0.88 98

--------------------------- +---+----------------------

MEAN 0.89 100 1 I MEAN 1 1.52 170
--------------------------- ---------------------------

313 1.00 112 713 1.62 182
314 0.78 87 714 1.74 195
315 1.04 116 715 1.48 166
316 2.62 294 716 1.84 206
317 1.60 179 717 1.80 202
318 1.96 220 718 1.32 148
319 1.06 119 719 2.12 238
320 1.20 134 720 1.24 139

---------------------- ----------------------
MEAN 1 1.41 158 I I MEAN 1.65 184

---------------------- + + ----------------------

+ +---------------------- + ----------------------
MOUSE INDUCTION MOUSE INDUCTION
NR. UDS % NR. UDS

+----------------------- -------------------
121 0.58 163 521 0.34 95
122 0.24 67 522 0.82 230
123 0.32 89 523 0.92 258
124 0.26 73 524 0.60 168
125 0.38 106 525 0.70 196
126 0.40 112 526 1.22 342
127 ** 527 0.86 241
128 0.31 87 528 0.70 196

+ ---------------------- ----------------------
I MEAN 1 0.36 100 1 MEAN 0.77 216
+ ---------------------- + + ----------------------

321 0.50 140 721 0.34 95
322 0.88 247 722 0.74 208
323 0.60 168 723 0.54 151
324 0.32 89 724 1.06 297
325 0.56 157 725 1.04 292
326 0.'8 275 726 0.54 151
327 0.90 253 727 1.30 365
328 0.34 95 728 1.22 342

+---------------------- + ----------------------

MEAN 1 0.64 178 : I MEAN 0.85 238
- --------------------- + + ---------------------- +
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Taole 1, cont.

+ . -- - - - - . - - - - - - - - - - + + . . . . . . . . . . ..-- -+

MOUSE INDUCTION MOUSE INDUCTION

NR. UDS .. . . UDS

+--------------------------+ +--------------------------+

129 0.54 164 529 0.68 207

130 0.22 67 530 0.32 97

131 0.26 79 531 0.66 201

132 0.34 103 532 0.80 244

133 0.34 103 533 0.60 183

134 0.50 152 534 0.34 103

135 0.22 67 535 0.68 207

136 0.20 61 536 0.76 232

--------------------------- + +--------------------------+

MEAN 0.33 100 I MEAN 0.61 134
+- ---------------------- + ----------------------- +

329 0.52 158 729 1 0.64 195

330 0.46 140 730 0.72 219

331 0.76 232 731 1.00 305
332 0.80 244 732 0.36 109

333 0.68 207 733 0.50 1:2

334 0.60 183 734 0.86 262

335 0.44 134 735 0.78 238

336 0.40 122 736 0.44 13a

+ ---------------------- + + ---------------------- +

I MEAN 1 0.58 177 I MEAN 1 0.66 202

------------------------------ + ----------------------------

+----- +-----------------------+ 
----------------------------

MOUSE INDUCTION MOUSE INDUCTICN

NR. UDS NR. :IDS

+----- +-----------------------+ +------ -----------------

137 0.43 106 537 0.32 82

138 0.62 137 538 0.76 58

139 0.34 75 539 1.42

140 0.44 97 540 0.70 155

141 0.60 133 541 0.94 3 8

142 0.34 75 542 0.90 200

143 0.34 75 543 0.98 1

144 0.44 97 544 1.24 275

------------------------------ + +---------------------- --

MEAN 0.45 100 i MEAN I0.7 2!

337 0.56 124 737 0.48 106
338 0.58 123 738 0.52 11Z

339 0.42 93 739 0.80 177

340 0.54 120 740 0.38 195

341 0.52 115 741 0.60 1 3

342 0.82 182 742 0.90 20
46 146 743 0.58 123

344 082 182 744 0.32 1

------------------------------ +-----------------------------

1 MEAN 0.62 136 MEA, 0.64 141

-,,-------------------- - - -- -------- -------
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able / c~t.

+ - - - - -+ . . . . . . . . . . . . +
MOUSE INDUCTION MOUSE INDUCTION
NR. UDS 1NR. UDS I

145 1.10 119 545 1.94 211
146 0.90 98 546 1.20 130
147 1.12 122 547 1.06 115
148 0.84 91 548 1.18 128
149 0.74 80 549 0.92 100
150 1.18 128 550 0.84 91
151 0.58 63 551 1.28 139
152 0.88 95 552 1.08 117

- --------------------- + + ----------------------
MEAN 0.92 100 MEAN 1.19 129

+----------------- +--------------------------I

345 1.08 117 745 0.88 95
346 1.24 135 746 1.82 98
347 1.04 113 747 0.96 104
3 8 0.80 87 748 1.20 130
349 1.22 132 749 1.34 146
350 0.82 89 750 1.16 126
351 0.54 58 751 1.03 li7
352 0.80 87 752 1.48 161

+---------------------+ + ----------------------

MEAN : 0.94 102 1 1 MEAN 1.24 135
---------------------- + +- --------------------- +

+ ---------------------- + ++----------------------+

MOUSE INDUCTION MOUSE INDUCTION
NR. UDS 1 NR. UDS

+----------------------------+ +----------+
153 1.08 130 553 2.64 320
154 0.86 104 554 0.86 104
155 0.64 77 555 1.74 210
156 1106 128 556 1.72 208
157 0.84 101 557 1.38 167
158 0.56 67 558 1.70 206
159 0.58 70 559 0.96 116
160 0:98 118 j 560 1.24 150

+ ---------------------- + +- --------------------- +
MEAN 0.33 100 1 1 MEAN 1.53 185

+---------+------------------ -----------
353 1.14 17d 753 1.70 206
354 1.36 164 754 1.70 206

355 1.18 143 755 1.86 225
356 1 12 135 756 1 .18 143
357 090 109 757 2.26 273
358 2.20 266 758 1 .26 152
359 1.06 128 759 1.90 220
360 1 12 135 760 1.42 172

+ ---------------------- + +- --------------------- +

MEAN 1.30 157 1 1 MEAN 1 1.66 201
-------------------------- --------- -------------



105 -CS R

Table 1, cont.

+--- ------------------- +--- ------------------- +
IMCUSE INDUCTION MOUSE INDUCTION

NR. UDS NR. UDS
------ .---- . .. . + .---------------------- +

161 0.82 132 561 1.24 200
162 0.44 70 562 0.58 93
163 0.52 83 563 1.00 161
164 0.74 119 564 1.38 222
165 0.36 58 565 0.86 138
166 0.58 93 566 0.64 103
167 0.52 83 567 0.82 132
168 0.98 158 568 1.44 232

+-------.. + +- ---------- +
MEAN 0.62 100 MEAN 1.00 160
361 0.64 103 761 1.16 187

362 0.90 145 762 0.96 154
363 0.78 125 763 1.46 235
364 1.14 183 764 1.14 183
365 0.72 116 765 0.88 141
366 0.84 135 766 1.28 206
367 0.58 93 767 1.02 164
368 0.76 122 768 0.80 129

+-----4------------------- ---- +-------------------

MEAN 0.80 128 I 1 MEAN j 1.09 175 1
+---------------------- +--- ------------------- +

+-----+------------------- -------------------------
MOUSE INDUCTION I MOUSE I NDUCTION
NR. UDS % NR. UDS

+-----+------------------- +-----------------------+
169 1.84 134 569 1.26 91
170 0.66 48 570 0.76 55
171 0.94 68 571 2.60 189
172 1.02 74 572 1.54 112
173 2.14 155 573 2.26 164
174 1.94 141 574 1.22 88
175 1.58 115 575 1.06 77
176 0.86 62 576 0.66 48

-'---------------+- ------------------------

MEAN 1.37 100 1 ) MEAN 1.42 103
+---------------------- --- ------------------- +

369 1.16 84 769 1.86 135
370 ** 770 1.58 115
371 ** 771 2.08 151

+-----+------------------- ---- +-------------------
I MEAN 1.16 84 1 MEAN 1 1.84 134 1
---------------------- --- -------------------
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QUANTITATIVE DETERMINATION OF THE POLY(ADP-RIBOSE)

LEVEL IN SPLEEN DNA LIVER CELLS

The data obtained from poly(ADP-ribose)-polymerase activity

determinations in crude chromatin in the last 1/3 of the life

span, when already an increase in lymphoma rate could be obser-

ved, showed the highest ADPribosylation of proteins in the DADH

group followed by the r-irradiated and the combined group.

This relationship was nearly the same in spleen and liver cells.

It was of interest for us whether poly(ADP-ribose)-synthesis and

the level of ooly(ADP-ribose) show a certain correlation.

For the following investigations we used a modified method of

A. Hakam et al. for the quantitative determination of poly(ADP-

ribose) of cells by high oerformance liquid chromatography.

To get a hiaher sensitivity, this method is based on the oxyda-

tion "v sodiumoeriodate of 2', 3'cisdiol-groups of the ribose

moieties in ooly(ADP-ribose) to aldehyd groups, followed by

the reduction by 3H-borohydride to primary alcohol groups. For

the se-aration into oligo- and poly(ADP-ribose) the stationary

ohase used was a reversed phase - silicagel, which was chemically

modified, and the polar mobile phase was water, methanol and

acetcnitrile (gradient C). The detection system was an UV-detec-

tor cou'*led with a fraction collector. The radioactivity was

neasured in a liauid scintillation counter.

in fic. I and 2 the oligo and poly(ADP-ribose) levels in spleen

-and livr cells ar• shown. There is a certain similarlItv between

the cctainec poly(ADP-rizose)-s'nthesis values and t-e level

in. the ceis.n liver c_ 1 1 s, which are noorly div4:.ng cells,

,'D- va 1 - --1 e... ccr-.Ired ,.€ the

:loA.Dpr,se-:act'_on and nosti( te DADh{ and K-
u.D gro. again sno.wed

-- ~a o '7f u s it -wnneaurons ml
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-ihat there is again a correlation with the number of lymlpomas in
:-Iiis period of the life time of C57 bl mice.

*1

*1
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Figure 1
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Figure 2
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SUM1ARY OF ALL RESULTS

The most important results of the animal studies on the mode

of action of the antitransformer DADH in short and long term

e<xoeriments are the following:

i. Combined treatment of DADH and (- irradiation generated a

decreased incidence of malignant lymphcma compared to (-irra-

diation alone.

2. DADH itself shows some carcinogenic properties.

2. In short term experiments DADH has an immunoprotective effect

with rescect to r-irradaition

a. earlier reconstitution of lymphocyte subsets,

b. increase in natural killer cell activity.

4. Higher ooly(ADP-ribose)-polymerase activity to a certain

extent seems to control replicative DNA synthesis and speci-

fic DNA amolification determined by double minutes.

5. Soleen cells with loss of DNA repair increased remarkably with

aoe. At the same time lym.homa incidence is increasing.

6. Nucleoid sedimentation studies showed an oversedimentation

henomenon rather than DNA breaks during short and long term

exceriments

7. A certain correlation between basic UDS in spleen cells and

the occurrance of lymphomas exists.

S. Basic UDS was highest in the combined + DADH) group. But

also after a single irradiation dose of 1 Gy basic UDS was

elevated during the whole life time.

9. Poly(ADP-ribose)-po~merase activity parallels the poly(ADP-

riiose' content in spleen and liver cells at the end of the

life stan Df C57 bl mice.
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